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This dissertation research comprised three studies focused on vision-specific
skills, and their association with functional and academic outcomes for school-age
students with visual impairment. The studies involved analysis of secondary data for 850
students with visual impairment who participated in the Special Education Elementary
Longitudinal Study (SEELS). Data in the SEELS were gathered using direct assessment
and parent and teacher responses for a nationally representative sample of elementary and
middle school students.
The first study used Chi Square analysis to determine if participation in
Orientation and Mobility (O&M) training, or if the time when O&M instruction was
received, was associated with performance of mobility activities. Results showed that
participation in O&M instruction was not associated with higher performance of outcome
indicators.
The second study involved correlation analysis of factors associated with the
development of literacy skills for sighted students and students in the "ABC Braille"
study. Regression models were tested, which included factors that correlated most highly
to scores on Oral Reading Fluency (ORF) and Reading Comprehension assessments and

that retained sample size (not all participants took all measures). Hierarchical linear
regressions revealed that participation in structured literature activities contributed
positively to both ORF and reading comprehension test scores.
The third study investigated factors that contribute to higher standardized math
test scores for students with visual impairment. Outcome measures were scores gathered
at three points in time on a math calculation achievement test. Hierarchical linear
regressions were conducted using the six variables that were correlated most highly with
math calculation scores and met the requirements of sample size. Across the three waves,
student factors contributed as much as 20% of the variance and educational factors
contributed as much 39% of the variance in test scores. Current grade level in math and
reading made the largest contribution.
These studies suggest that functional and academic outcomes for students with
visual impairment are related to educational programs that provide instruction in both the
vision-specific expanded core and the general core curriculum. The research also has
implications for improving large scale data gathering with low incidence populations.
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CHAPTER II

INTRODUCTION

Educators working with students with visual impairments have long believed that
competence in traditional academic curricula is important but not enough to achieve the
goal of each student becoming a fully independent contributing member of society
(Hazecamp & Huebner, 1989). The Individuals with Disabilities Education Improvement
Act (IDEA, 2004) indicates that students' Individual Education Programs (IEPs) must
address their functional performance and meet their educational needs resulting from
their disability, along with supporting their academic achievement. An expanded
curriculum beyond the core academic areas has been proposed within the field of vision
to address the disability-specific needs of children with vision loss, including those with
multiple disabilities (Hatlen, 1996).
For students with visual impairment, access to the core curriculum is often a
challenge. The challenges go beyond simply providing material in a format the student
can access. Specialized equipment, materials, and instructional strategies have been
developed and are recommended to address these challenges. Children who are blind and
visually impaired do not have the benefit of visual information to aid in the development
of concepts. Real life experiences and direct instruction can support the development of
concepts necessary to benefit from traditional academic instruction. At this time, there is
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limited research that identifies factors associated with the development of skills in
reading and math for elementary students with visual impairment.
The expanded core curriculum (ECC) has evolved to include training in nine
areas, including: compensatory or access skills, career education, independent living
skills, Orientation and Mobility (O&M) skills and concepts, recreational and leisure
skills, self-determination skills, social interaction skills, use of assistive technology, and
sensory efficiency skills (Sapp & Hatlen, 2010). A few areas of the ECC fit easily into
traditional academic settings, and their connection to core academic success is obvious.
For instance, compensatory or access skills such as braille or visual (sensory) efficiency
skills, clearly allow students to progress in the traditional academic curriculum areas. By
law, all students have some access to career education, recreation, and technology skills.
Self-determination, social skills, and daily living skills are widely understood within the
broader special education community as necessary for students with disabilities, but
O&M skills remain less familiar to general educators and students' families.
Orientation can be defined as the process of using the senses to establish one's
position and relationship to objects within an environment. Mobility is the capacity,
readiness, and ability to move throughout an environment (Hill & Ponder, 1976).
Through O&M instruction, students are given the opportunity to travel safely,
independently, efficiently, and gracefully through all appropriate environments. O&M
instruction was originally developed for adults and has been adapted and expanded to
meet the unique needs of children who experience visual impairment.
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Functional skills, as part of a school curriculum, are more generally accepted and
understood within special school settings, such as schools for the blind and centers for
students with developmental disabilities. Their presence within local schools is increasing
due to IDEA requirements to meet the functional needs of students with disabilities.
There are many varied curriculum options from which to choose, but few are supported
by evidence that is based in research. With the current mandate to use materials and
practices that are supported by research-based evidence and that contribute to adequate
yearly progress in core curricula areas of reading and math, educators find themselves
perplexed. The need for instruction and experiences within the ECC makes sense. What
is needed next is the evidence to support specific curricula and instructional
interventions. This dissertation research comprises three studies that focused on the
educational needs of elementary age students with visual impairments. It examined O&M
skills and concepts, as well as other vision-specific skills and characteristics and their
association with functional and academic outcomes for school-age students with visual
impairment. The studies include an examination of the specific factors that are associated
with performance on literacy and math assessments for the elementary age students
whose data are found in the Special Education Elementary Longitudinal Study (SEELS)
dataset.
This dissertation is composed of five chapters and applies the three-paper method.
That is, the three chapters that make up the body of the dissertation (chapters 2, 3 & 4)
were written in such a manner that they can serve as stand-alone articles. Chapter 1
provides the statement of the central problem and introduces these studies. The last
3

chapter (5) discusses the implications of the findings from the three studies and provides
recommendations for further research. Each of the research questions was addressed
through secondary data analysis, using data from the SEELS dataset.
The SEELS research was conducted by the U.S. Office of Special Education for
the purpose of informing future program planning and policy development by providing
credible information regarding special education nationally. An important feature to the
information generated is that it generalizes nationally to students receiving special
education in each of the 12 federal disability categories, the age group as a whole, and to
each single year age cohort.
The broad student sample included 11,512 students in special education at ages 6
through 12 years of age and in at least first grade on December 1, 1999. It was a
nationally representative sample. The students attended 245 local education agencies
(LEAs) and 35 state supported schools. Forty-six percent of the identified state-supported
schools that serve students of the appropriate age were represented in the sample. The
LEAs represent a range in LEA size, geographic region, and district or community
wealth.
Data were collected in three waves over five years with uniform participant
identifiers of SEELS participants in order to obtain longitudinal data. Data were collected
from a variety of sources on SEELS participants. The measurement methods included:
parent interviews, teacher questionnaires, school program questionnaires, standardized
measures of academic achievement, and student self-concept and attitudes toward school.
The study oversampled children with visual impairments to allow researchers the unique
4

opportunity to analyze data from a large sample of this low incidence population. More
than one thousand students met the criteria as visually impaired, whose data could be
considered for the first study. More than 130 students with visual impairments
participated in the achievement subtests for Oral Reading Fluency, Reading
Comprehension, and Math Calculation. Their data were analyzed for studies two and
three.

Orientation and Mobility: Study One

The purpose of study one was to analyze the SEELS data to discover if
participation O&M is associated with performance of mobility activities by elementary
age students with visual impairment. For some time, there have been calls to establish
outcome measures that evaluate the effectiveness of O&M services. Blasch, Wiener, and
Welsh (1997), in their epilog of the Foundations of Orientation and Mobility (2nd ed.),
called on practitioners to measure the effect of O&M training on functional outcomes for
children and adults, warning that doing good work was no longer enough. Researchers
primarily used single case studies and small descriptive studies as forms of evidence with
results that have been equivocal. A systematic review for the Cochrane Collaboration (a
nonprofit group that summarizes research findings to support evidence-based health
practices) in 2006 (Virgili & Rubin, 2009), identified two studies that included O&M.
The conclusion was that the current evidence, which is based on this small body of
existing research, suggests that participation in Orientation and Mobility (O&M)

5

instruction with adults was no more effective than participation in recreation activities for
developing travel skills.
Children develop skills through both incidental and direct instruction. For
children who are blind and visually impaired, many skills that are learned incidentally by
their sighted peers need direct instruction, and at times compensatory techniques, to
develop. Mobility, the ability to travel safely and independently, can be a particular area
of difficulty for students with vision loss. O&M instruction is recommended by vision
professionals to provide direct instruction in concept development, orientation, and travel
skills to address the particular needs of students with visual impairment.
The O&M study reported on the demographic makeup of the students with visual
impairments within the SEELS dataset who participated in O&M and those who did not.
It addressed the primary question: Is participation in O&M associated with improved
performance of O&M activities? The outcome variable for this study was a rating by
respondents on the program questionnaire as to whether students performed on 10
mobility activities, "not well," "pretty well," or "very well" at each wave of data
collection. It also analyzed if there was an association between the time an individual
begins O&M training and performance of O&M activities as rated on this 3-point scale.
For the main analysis, participation in O&M was taken from the parent survey, and
performance on the O&M related activities were taken from the school program survey.
For each of the 10 O&M activities, the respondent was asked to indicate how well the
student performed each of the mobility activities. The association related to time of
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instruction and performance was completed by analyzing responses from wave 1 and
wave 3 for each student because inadequate data were available for wave 2.
As part of the SEELS, researchers discovered a small set of functional cognitive
skills were associated with improved academic outcome for elementary age students.
Those skills include: reading common signs, telling time using a clock with hands,
counting change, looking up telephone numbers, and using the phone. Students with
visual impairment who participate in O&M are likely to need direct instruction for
completing these types of functional cognitive tasks.

Literacy: Study Two

The purpose of study two was to identify factors from the SEELS dataset that
were associated with variance in scores on reading achievement tests. A large evidence
base exists that identified factors related to success in literacy for sighted students. Five
key components of effective reading instruction are: phonemic awareness, phonics,
fluency, vocabulary, and comprehension of text (National Reading Panel, 2000). Within
the field of vision, the Alphabetic Braille and Contracted Braille (ABC Braille) study led
to a conclusion that teachers should direct their instructional focus toward the
development of basic reading skills because basic skills best predicted general
performance on reading outcome measures and was a better predictor than specific
instructional strategies (Wall Emerson, Holbrook and D'Andrea, 2009). The ABC Braille
study included only a small number of students with visual impairment. More study is
needed to determine if the factors that were found to be associated with literacy for a
7

small group of students in the ABC Braille study, also will be found to be associated
when a large set of data is analyzed.
Developmental reading theory suggests that the development of literacy is
determined by the interaction of biological, cognitive, psychological, and environmental
factors (Catts & Kamhi, 2005). This project aimed not only to answer the question of
whether participation in O&M is associated with improved literacy for students with
visual impairment, but to extend the scope of inquiry to include factors known to
influence the development of literacy for their sighted peers. It also sought to examine the
factors identified in the ABC Braille project as associated with literacy and determine if
they are found to be associated when a larger, nationally representative sample is used
including many children with visual impairment as well as blindness.
The research question for study two was: What are the factors that contribute to
the development of literacy skills for elementary age students with visual impairment? A
hierarchical linear regression was performed. The dependent variables for study two were
the standard scores from the ORF and passage comprehension measures that were found
in the SEELS dataset. Regression models were built by choosing from factors that were
thought to contribute to the development of literacy skills for elementary age students
with visual impairments. Factors that contributed the most, ones that may provide
important insight, and ones that preserved sample size, were retained in the final model.
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Math: Study Three

The Math study examined factors contained within the SEELS dataset that were
associated with improved achievement test scores on math achievement tests. In addition
to instructional practices in math, experts in the field of vision have suggested that
participation in O&M may lead to improved math skills for students with visual
impairments (Wall Emerson & Corn, 2006). The research question in paper three asked:
What are the factors that contributed to a variance in scores on math assessments for
elementary age students with visual impairment? A hierarchical linear regression was
performed. The dependent variables were the standard scores from the math calculation
subtest for the students with visual impairment whose scores were recorded in the SEELS
dataset. Regression models were built by choosing from factors that were thought to
contribute to the development of math skills for elementary age students with visual
impairments. Factors that contributed the most, preserved sample size, and provided
important insight were retained in the final model.

Summary

These studies are designed to examine factors that are associated with skills
development for children who are blind and visually impaired. It investigates factors
related to both functional and academic success for elementary age students. The first
study included an analysis of the variables related to the functional skill area of O&M.
Studies two and three focused on the core curricular areas of reading and math. Factors,
that were thought to be associated with performance on tests, were analyzed to discover if
9

they contributed to a variance in scores for elementary age students with visual
impairment. Together these studies may have implications for programs designed to meet
the functional and academic needs of students with visual impairment.
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CHAPTER II

ORIENTATION AND MOBILITY INSTRUCTION AND ITS ASSOCIATION WITH
PERFORMANCE OF MOBILITY ACTIVITIES
FOR ELEMENTARY AGE CHILDREN

Abstract

This study addressed the question of whether participation in O&M was
associated with performance of mobility activities. The methods involved a secondary
data analysis of the Special Education Elementary Longitudinal Study (SEELS) dataset.
Analyses were conducted to identify associations of key demographic variables with
whether a student participated in O&M. Significant associations were found between
receipt of O&M and blindness, visual impairment, ethnicity, and urbanicity. Correlational
analyses were conducted to determine if participation in O&M training, or if the time
when O&M instruction was received, was associated with performance of mobility
activities. The independent variable, participation in O&M, was obtained from the parent
survey, and the dependent variable of performance on 10 O&M related activities was
obtained from the school program survey. For each of the O&M activities, student
performance on a scale with three levels of performance (not well, pretty well, very well)
was noted. Results suggested there was no association between the time O&M was
received (i.e., during wave 1 or wave 3) with the skill performance, but findings did
reveal that not participating in O&M instruction was associated with higher performance
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on several outcome indicators. This is posited to be a reflection of students who are
already performing so well that they are judged not to require O&M instruction.
Children who are blind and visually impaired are expected by law (IDEA, 2004)
to receive free, appropriate education, just as their sighted peers do. In order to meet their
unique needs and to help them participate fully, the traditional curriculum has been
expanded to include areas such as orientation and mobility, technology, communication,
vocational, and social skills (Corn, Hatlen, Huebner, Ryan & Siller, 1995; Hatlen, 1996).
However, it can be a challenge to fit these individualized educational opportunities of the
expanded core curriculum into the average school day. It is important to ensure that
instructional time and resources are wisely spent. Currently, the "No Child Left Behind
Act" (NCLBA, 2002) mandates that educators consider evidence-based research when
making choices for instructional interventions. The purpose of this study was to add to
the evidence base regarding orientation and mobility (O&M) instruction. Specifically,
this study provides a description of receipt of O&M by elementary age children and
addresses questions about the association of O&M instruction with student performance
of activities that are directly related to mobility activities.

Review of the Literature

Orientation is defined as the process of using the senses to establish one's
position and relationship to objects within an environment. Mobility is the capacity,
readiness, and ability to move throughout an environment (Hill & Ponder, 1976). Experts
identify a wide range of O&M skills necessary for individuals with blindness and low
13

vision, so the specific O&M skills on an IEP can vary (Wall Emerson & Corn, 2006).
One key practice found in all O&M instruction is the attempt to use the natural
environment for instruction and assessment. That environment can include the child's
home, classroom, school, and neighborhood. It also may involve business districts, public
transportation, large cities, and mass transit systems. As part of O&M instruction,
students are encouraged to travel safely, independently, efficiently, and gracefully
through all appropriate environments. Experts in the field suggest that O&M instruction
provides "fundamental and enabling life skills" (Huebner & Wiener, 2005, p. 579). A
Cochrane Collaboration Review, completing a systematic search of all published research
in O&M, was done in 2006 (Virgili & Rubin, 2009) that resulted in a conclusion that the
evidence based on research was unable to show that participation in O&M by adults was
beneficial beyond normal recreation activities. In contrast, a study of adults' spatial
perception (Fiehler, Reuschel & Rosier, 2009) found that adults who were congenitally
blind and started O&M instruction before the age of 12 demonstrated space perception
that neared the levels of sighted peers, whereas those who began O&M training after age
12 had lower scores. The authors suggested that spatial abilities can be improved for
blind individuals through early O&M training. These contradictions between professional
opinion and the research evidence about whether O&M training is necessary and
beneficial, provided the impetus for the current research.
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O&M in the Schools

Elementary-age students with vision loss may receive O&M instruction as a
related service within their individualized educational programs (IEPs) (IDEA, 2004).
The process typically begins with an assessment by an O&M specialist. O&M assessment
generally includes: a) an interview with the student, family, and teacher, b) a review of
the student's educational and medical files, c) completion of an age-appropriate
assessment tool, d) observation of the student during natural routines, e) travel in familiar
and unfamiliar environments, and f) demonstration of selected orientation and mobility
activities (Fazzi & Petersmeyer, 2001). Assessments should be individualized and allow
students the opportunity to demonstrate their highest level of independence on all
mobility related activities.
The practice of O&M has kept its focus on the unique needs of the individual, and
the field has not developed and tested standardized assessment tools to measure change in
these skills. This is a limiting factor for conducting large scale studies of O&M efficacy.
Additionally, Sauerburger (2010) expressed a concern that O&M professionals have been
slow to respond to the need for curriculum updates and revisions. Many individuals and
small groups have developed informal assessment protocols that are used within a
particular school or area, but research-based standardized tools are not available. One
widely distributed O&M assessment tool for elementary age students is available as a
companion to the comprehensive curriculum, Teaching Age-Appropriate Purposeful
Skills (TAPS) (Pogrund et al., 1995). It is designed to assess each student's ability to
perform a wide range of functional mobility tasks across a variety of environments. The
15

assessment by the O&M specialist is shared with the IEP team, and if the team
determines that O&M instruction is needed, goals and objectives are developed to meet
the specific needs of the individual student and added to their IEP. Assessment is
expected to be an ongoing part of all O&M instruction to evaluate whether progress is
being made in the student's ability to demonstrate O&M related skills (Fazzi &
Petersmeyer, 2001). This criterion-referenced measure provides a starting place for the
development of standardized tools, but as yet, none have been developed.
Orientation and mobility curricula have been developed to meet the specific needs
of elementary age students by individual practitioners, schools, and districts by using key
resources in the field (Hill & Ponder, 1976; Jacobson, 1993; LaGrow & Weessies, 1994).
As an example, the TAPS curriculum (Pogrund et al, 1993) was developed with the
specific needs of students with blindness or low vision in mind. The areas of instruction
target abilities to: a) travel using a sighted guide to all familiar locations; b) travel indoors
using rotely learned routes; c) travel to other school areas or other buildings using rotely
learned routes; d) create new routes between familiar places indoors; e) execute a route,
given a set of verbal directions to an unfamiliar location within one building; f) execute a
route, given a set of verbal directions to an unfamiliar location in another building; g)
locate an unfamiliar place by using numbering systems; h) orient self to an unfamiliar
room; i) solicit help to orient self to a building; and j) solicit help to orient self to a high
school campus or to a workplace.
Progress on specific goals and objectives is reported to parents on a regular basis,
with a new IEP developed by the IEP team annually. Assessments are generally
16

administered by the same O&M specialist who has provided instruction. They are often
designed by the instructor and do not use a standardized assessment tool. Although it is
typical for O&M instructors to document progress for each student after O&M
instruction, there are no standardized scores that verify those findings.
The low incidence of visual impairment and the heterogeneity of the population of
people with visual impairments have made research with this group very difficult. As
reported in 2007, less than .05 percent of children ages 6 to 21 were designated as having
a visual impairment and receiving services for VI under part B of the IDEA (U.S.
Department of Education 2007). The combination of these factors leaves O&M
specialists with limited curriculum, intervention, or assessment resources that meet the
rigorous standard of having the support of research-based evidence. Often the highest
level of evidence an O&M instructor can bring with a resource is the support of expert
opinion. The purpose of the current study was to add to the research base by using a large
national dataset to ask whether participation in O&M is associated with evidence of
ability to perform O&M related activities for students who are elementary age.

Methods

Participants

The study involved students in the U.S. with visual impairment who participated
in the Special Education Elementary Longitudinal Study (SEELS), which included a
nationally representative sample of elementary and middle school students with
disabilities. The sampling was taken from 245 local education authorities and 35 state
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supported special schools from 1999 through 2004. It included children who ranged from
6 to 12 years of age during the first year of the study (Godard et al., 2007). Sampling
methods ensured that the cases included were representative of the U.S. special education
population and age cohort. Disability categories were over-sampled in this design,
allowing these data to be weighted and allowing the user to make generalizations
nationally. The full sample included 1,110 students with visual impairment. The sample
for this study varied for different analyses, but at most, included 850 students.

Data Source

The Special Education Elementary Longitudinal Study (SEELS) dataset was
obtained from the U.S. Office of Special Education Programs. The dataset contains
electronic data from parent interviews, direct or alternative assessments, school program
surveys, school characteristics surveys, and teacher surveys. Data were collected
longitudinally in three waves conducted over five years. For this study, the variable of
participation in O&M was taken from waves 1, 2, and 3 of the parent survey. The
variables for performance of mobility activities for the current study were taken from the
school program survey. Demographic variables were found in the parent survey and cross
index sections of the database.

Study Design and Research Questions

This was a correlational study, using secondary data analysis of variables from the
SEELS dataset. The researcher obtained approval from the Human Subjects Institutional
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Review Board at Western Michigan University for conducting the analysis. The first
question addressed in this study asked: What is the demographic makeup of the students
with visual impairments who had the opportunity to participate in O&M, and those who
did not? The study then addressed the primary question: Is participation in O&M
associated with improved performance of O&M activities? A third question asked if there
was an association between the time (i.e., in which wave) an individual receives O&M
training and performance of O&M activities.

Definitions of Variables and Data Analysis

To answer research question one, regarding student characteristics most
associated with receiving O&M services, cross-tabulations were performed to examine
characteristics of students who received O&M, including the existence of multiple
disabilities and frequencies of other demographic variables. The independent variables
were taken from the parent survey and the cross index sections of SEELS and included:
visual impairment as a primary disability, number of multiple disabilities, age, gender,
grade, income, ethnicity, and urbanicity (urban, suburban or rural). The dependent
variable was participation in O&M during the past 12 months, taken from the parent
survey.
Chi Square analyses were conducted to analyze data to answer the research
question: Is participation in O&M associated with performance of O&M related
activities? Participation in O&M was taken from the parent survey, and the O&M related
activities were taken from the school program survey. For each of 10 O&M activities, the
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respondent indicated how well the student performed each of the mobility activities. The
levels of response included: "Not very well," "pretty well," "very well." The mobility
activities were those outlined in the TAPS curriculum (Pogrund et al., 1995), and
included questions about the child's ability to:
1. travel using a sighted guide to all familiar locations,
2. travel indoors using rotely learned routes,
3. travel to other school areas or other buildings using rotely learned routes,
4. create new routes between familiar places indoors,
5. execute a route, given a set of verbal directions to an unfamiliar location
within one building,
6. execute a route, given a set of verbal directions to an unfamiliar location in
another building,
7. locate an unfamiliar place by using numbering systems,
8. orient self to an unfamiliar room,
9. solicit help to orient self to a building, and
10. solicit help to orient self to a high school campus or to a workplace.
In order to answer the third research question, regarding whether there was an
association between the time the child begins O&M training and performance on mobility
activities, chi square analyses were conducted. The independent variable for the analysis
was the time when O&M instruction began, which was identified from the parent survey.
The times a student could have began O&M instruction were in wave 1 or in wave 3.
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These data represent a difference of two years. Wave 2 data was not included because of
missing data.

Results

Descriptive summary statistics (Table 2-1) were generated for the 850 students
who participated in the SEELS who were identified by their parents as having a visual
impairment or blindness. Variables describing the study sample included the
demographic variables: blindness, visual impairment, age, grade, gender, ethnicity,
income, urbanicity, and number of disabilities.
These variables were analyzed using chi square statistics to identify significant
associations of each variable with whether a student participated in O&M. Significant
findings are indicated in table 2-1 with an asterisk. There were significant associations
between receipt of O&M and blindness, visual impairment, ethnicity, and urbanicity
(school in an urban, suburban or rural area) (see table 2-2 for % values). Students, who
were identified as blind, were more than 2 times as likely to get O&M as their visually
impaired peers. Students in urban areas were between 1.6 and 1.9 times more likely to
receive O&M than their peers living in suburban areas. Students in urban areas were
between 1.2 and 1.6 times more likely to receive O&M than their peers in rural areas.
When odds ratios were calculated for the significant association related to ethnicity found
in wave 1, White and Hispanic students received O&M at about the same rate. These
students received O&M at almost one and a half times the rate of their African American
peers. During wave 2, there was a steep decline in the number of participants. Due to the
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Table 2-1
Demographics of Students with Visual Impairments Who Received O&M (N = 850)
Wave 2

Wave 1
Characteristic
Vision
Blind
Vis. Impaired
Age
7-9 (8-10) 11-12
10-12(11-13) 13-14
13-14(14-16) 15-17
Grade
Ungraded
1-3 (1-4) i_5
4-5 (5-6) 6-8
6&up 7&up 9-12
Gender
Male
Female
Ethnicity
White
African American
Hispanic
Other
Income
25,000 and under
25,001-50,000
Over 50,000
Urbanicity
Rural
Suburban
Urban
# Disabilities
0
1
2
3
4
5
6
7
8
9
10
Note. *p< .05 and 95%

Wave 3

N

%
Participated

CI

N

%
Participated

CI

N

%
Participated

CI

*290
*723

65.2
46.2

.67-.72
.42-.50

146
* 146

23.9
17.5

.12-.38
.12-.25

*211
*716

59.7
37.6

.52-.66
.34-.41

267
366
105

42.3
46.7
50.5

3.7-5.0
.46-.40
.40-.61

48
77
29

20.8
19.5
13.8

.10-.36
.09-.28
.01-31

237
288
228

39.2
39.6
36.4

.32-.45
.33-.44
.30-.43

58
170
267
208

60.3
42.4
46.1
44.2

.47-.73
.35-.50
.40-.52
.37-.51

10
37
60
40

20.0
16.2
25.0
15.0

-.14--.64
.04-.30
.13-.36
.02-.24

70
99
374
210

35.7
41.4
39.8
35.7

.21-.44
.33-.53
,34-.44
.29-.43

447
291

43.4
49.1

.38-.48
.43-.55

86
68

21.1
14.7

.12-.31

467
286

36.4
42.0

.31-.40
,36-.47

*468
•126
* 113
*30

48.1
40.5
48.7
20.0

.43-.53
.33-.51
.38-.57
.52-.38

103
30
14
6

19.4
30.0
0
0

.11-.27
.13-.49

483
122
112
35

38.9
36.1
42.0
28.6

.34-.43
,28-.45
.32-.51
.14-.47

253
213
232

42.7
48.8
44.8

,37-.49
.42-. 5 6
.39-.52

64
34
55

20.3
17.6
18.2

.12-.34
.05-.34
.05-.27

236
193
308

36.4
38.3
39.6

.30-.42
.31-.45
.34-.45

*33
*309
*267

39.4
40.1
51.5

.22-.57
.35-.46
.45-.56

9
59
151

22.2
15.3
17.9

-.17-.73
.06-.26
.12-.31

*81
*327
*340

40.7
30.3
45.6

.30-.52
.25-.35
.39-.50

6
345
174
113
68
24
15
4
3
1

50.0
40.6
30.5
40.7
44.1
37.5
26.7
75.0
33.3
100

.07-1.07
,35-.45
.22-.36
.31-.50
.31-.56
.18-.61
.01-.52
.05-1.55
1.10-1.77

—

—

—

.37-.50
44.0
248
.42-.58
175
49.1
.35-.55
45.8
107
.27-.50
39.8
83
.42-.67
1.5
68
.22-.60
42.4
33
.01-.52
16
31.3
.46-1.55
4
75.0
5.85-6.85
2
50.0
2
100
confidence intervals (CIs)

—

45
28
22
24
14
9
2
1
1
-

22

-

24.4
14.3
9.1
20.8
14.3
22.2
0
0
0
-

.01-26

-

-

—

.11-.38
.00-.28
-.04-.22
.03-.38
-.07-.35
-.12-.56
-

-

-

-

-

Table 2-2
Demographic Variables Associated with Receipt of O&M
x2

Wave 1

Wave 2
Wave 3

X 2 (l) = 73.276

Blindness
Visual Impairment
Urbanicity
Ethnicity

5C2(1) = 4 . 6 4
X\2) = 9.334
X2(3) = 10.837
2

P
p
p
p
p

=
=
=
=

.000
.037
.009
.013

(l) = 4.716

p. = .030

(l) = 55.653
X 2 (l) = 5.469
X\2) = 16.745

p = .000
p = .016
p = .000

Visual Impairment

X

Blindness
Visual Impairment
Urbanicity

2

X

low numbers available for analysis, a decision was made to include only wave 1 and
wave 3 in the remaining analyses.
Table 2-3 shows the percentage of students at each performance level in wave 1
and wave 3 for each of the 10 O&M skills broken down by whether students received
O&M in both waves, just during wave 1, just during wave 3, or never. Chi squares were
performed on data for all the children in the sample using four levels of receipt of O&M
(during both waves, during wave 1 only, during wave 3 only, and none) and on three
levels ("not very well," "pretty well," and "very well") for performance on an O&M
activity. These analyses were performed for each of the 10 O&M activities. Table 2-3
shows the number of students for whom there was a performance measure in waves 1 and
3 and the percentage of these in each of the performance categories.
Chi Square analyses revealed that students who did not receive O&M services
were rated as performing better on O&M activities. At wave 3, there were significant
associations between no participation in O&M and higher performance for all activities
except travel using a sighted guide (see table 2-3). In wave 1, higher performance ratings
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Table 2-3
Percentage of Student Activity Performance Associated with Time of O&M Instruction
Both

Wave 1

Wave 3

None

w l - w3

w l - w3

w l - w3

w l - w3

1.2
Not Very Well
19.8
Pretty Well
79Very Well
81
n
Wave l,x 2 (6) = 8.92p = 178

- 8.4
- 14.5
77.1
83

Travel Using Sighted Guide: Familiar Locations
7.1-8.4
0-0
0-15.8
35.7-16.7
100-84.2
57.1 - 75.0
7
19
28 12
..2 /
Wave 3, f ( 6 ) = 5.24, p = .514

4.5 -0
22.7- 22.6
72.7- 77.4
22 21

Travel Indoors: Rotely Learned Routes
5.1 • 4.6
Not Very Well
Pretty Well
28.3 • 30.6
Very Well
66.7- 64.8
n
99 108
Wave l,x / (6) = 7.18p = .304
13.4 - 12.4
Not Very Well
32.0 - 3 4 . 0
Pretty Well
54.6 - 5 3 . 6
Very Well
97 97
n
Wave 1,%2(6) = 12.36, p = .054
27.3 - 2 8 . 7
Not Very Well
38.6 - 3 3 . 0
Pretty Well
34.1 - 3 8 . 3
Very Well
88 94
n
Wave l , x z ( 6 ) = 18.51, p = .005

Not Very Well
Pretty Well
Very Well
n
Wave l , x 2 ( 6 ) =

3.8- • 1.4
17- 11.3
79.2- •87.3
53 71

7.8 4.4
15.7 • 14.7
76.5 80.9
51 68

18.5 •9.5
16.7- 20.3
64.8- 70.3
54 74

Execute Route within Building with Verbal Directions
27.5 • 17.8
23.1 - 12.5
6 . 7 - 11.1
17.6 19.2
34.6 - 50.0
40.0 - 25.9
54.9 63.0
42.3 -37.5
53.3 - 63.0
51 73
26 24
15 27
2
Wave 3, x (6) = 22.43 p = .001*
Execute Route in another Building with Directions
42.9-21.7
14.3 - 11.12.2010
16.0 21.7
30.8 -41.6
16.0 17.4
14.3 - 52.2
28.6-44.4
28.2 -35.1
68.0 60.9
42.9-26.1
57.1 - 4 4 . 4
41.0 - 2 3 . 4
25 69
39 77
14 23
7
27
7.05, p = .316
Wave 3, %2 (6) = 32.24 p = .000*
Locate Unfamiliar Place by Numbering System
47.1 - 3 0 . 0
22.2-21.7
51.6 22.6
58.5 - 4 7 . 8
16.1 15.1
23.5
4
0
.
0
33.3
4
7
.
8
3
2
.
8
30.2
32.3
• 62.3
19.4
29.4
30.0
44.4
30.4
11.3
31 53
53 67
17 20
9
23
10.30, p = .113
Wave 3, %2 (6) = 29.69 p = .000*

36.0
Not Very Well
25.6
Pretty Well
38.4
Very Well
86
n
Wave l,x 2 (6) = 9 . 8 7 , p = . 1 3 0
Not Very Well
Pretty Well
Very Well
n
Wave l,x 2 (6) =

9.4 - 4.0
0 - 6.7
18.8-16.0
7.7-6.7
71.9-80.0
92.3 - 8 6 . 7
32 25
13 30
Wave 3, x2 ( 6 ) = 16.91 p = .010*
Travel to Other Areas: Other Learned Routes
20.0 - 7.7
0 - 6.9
13.3 - 19.2
28.6-20.7
66.7-73.1
71.4-72.4
30 26
14 29
Wave 3, x 2 (6) = 14.64 p = .023*
Create New Routes: Familiar Places Indoors
15.6-12.0
6.3-13.3
40.6 - 32.0
25.0 - 6.7
43.8-56.0
68.8-80.0
32 25
16 30
Wave 3, %2 (6) = 28.12 p = .000*

-32.2
-33.3
-34.4
90
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Table 2-3—Continued
Both

Wave 1

Wave 3

None

wl-w3

wl-w3

wl-w3

wl-w3

31.9Not Very Well
36.2Pretty Well
31.9Very Well
94
n
Wave 1,x 2 (6) = 25.89, p = .000*

30.5
43.2
26.3
95

39.6Not Very Well
25.3 Pretty Well
35.2Very Well
91
n
Wave 1,x 2 (6) = 10.40, p = .109

36.4
33.0
30.7
88

Orient Self to Unfamiliar Room
6.7-3.3
44.1 - 8.0
33.3 - 33.3
17.6-60.0
38.2-32
60 - 63.3
34 25
15 30
Wave 3, x 2 (6) = 47.51 p = .000*

8.1 - 10.5
33.9 - 2 0 . 9
58.1 - 6 8 . 6
62 86

Solicit Help to Orient Self to Building
33.3 - 18.2
33.3 - 40.9
33.3 - 4 0 . 9
30 22
Wave 3, x 2 ( 6 ) = 19.00 p =

16.7-20.8
50.0 - 16.7
33.3 - 62.5
12 24
.004*

18.0
32.0
50.0
50

- 19.4
-20.8
-59.7
72

Solicit Help to Orient Self to Campus or Workplace
31.3 - 18.4
20.0 - 16.7
45.5 - 16.7
66.7- 42.9
Not Very Well
6.3 -• 16.3
0
1
6
.
7
21.4
36.4
33.3
14.3
Pretty Well
62.5 - 6 5 . 3
80.0-66.7
18.2-50.0
19.0- 35.7
Very Well
16 49
5
18
11 12
21 56
n
Wave 3, x 2 ( 6 ) = 14.22 p = .027*
Wave 1,x 2 (6) = 16.26, p = .012*
Note. Significance *p<.05, w l - w 3 = percentage of students receiving that rating during wave 1 followed by
the percentage of students receiving that rating during wave 3.

on activities including travel to other areas, other learned routes, create new routes,
familiar places indoors, orient self to unfamiliar room, and solicits help to orient self to
campus or workplace were associated with no O&M training at statistically significant
levels. Chi Square results are found in Table 2-3, for example, for travel using a sighted
guide in familiar locations, Wave 1, x2(6) = 7.18, p = .304 and Wave 3, % (6) = 5.24, p =
.514.
From this analysis, a few trends could be identified in wave 1. Looking at the first
four skills, receiving training seems to increase the number of those who do "very well."
Within the next four skills, those same children, who received training during wave 1
only, increase in "pretty well," while decreasing in both "not very well" and "very well."
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For the "soliciting help" skills, everyone seems to have a rating increase, whether they
receive O&M or not.
These findings led to a further inspection of the data. It became clear that a large
percentage of the students who did not receive O&M (and presumably were not judged to
need such services) were rated as performing "very well" for all 10 activities. This
introduced an artifact that showed not receiving O&M to be associated with the highest
performance ratings. Because these students began as high performers and stayed in that
category, they acted as a constant within the analysis. When the sample of students was
limited to those receiving O&M during wave 1 and those who received it during wave 3,
the numbers became too small (less than 100) to perform the planned multilevel
hierarchical regression analysis. Chi squares were conducted instead to answer the
question: Is when you begin O&M associated with performance of O&M activities? No
significant associations were found. The findings were as follows: travel using a sighted
guide: familiar indoor locations, % (2) = 1.66, p =.435, travel indoors, rotely learned
routes, x2 (2) = 1.34, p =.051, travel to other areas, rotely learned routes, x2 (2) = .03 , p =
.986, create new routes to familiar indoor places, x,2 (2) = 5.97 , p = .051, executes route
within building with verbal directions, x2 (2) = 3.61, p = .164, execute route within a
building with directions, x2 (2) = 2.19, p = .334, locate familiar place by numbering
system, x2 (2) = .43, p = .805, orients self to unfamiliar room, x2 (2) = 5.41, p = .067,
solicits help to orient self to building, x2 (2) = 3.45, p = 1.78, solicits help to orient self to
campus or workplace, x 2 (2) = 1.19, p = .551. Performance of two of the activities
approached statistical significance, but in this analysis, student performance was not

associated with O&M instruction that occurred at a specific time. Orientation and
Mobility instruction earlier does not impact skill performance for students whose
performance is reported on during their elementary years.

Table 2-4
Variance in Student Performance Ratings in Mobility Activities: Wave 1 to Wave 3
(no O&M =125; O&M = 238)
Skill
1

O&M

-2

%

no
yes
2
no
yes
3
no
0.42
yes
1
2
1.6
4
no
2
0.84
yes
5
no
3
1.26
yes
6
no
1
0.42
yes
1
0.8
7
no
4
1.68
yes
4
3.2
no
8
2
0.84
yes
1
0.8
9
no
2.52
6
yes
10
no
4
yes
1.68
no
8
5
totals
4
yes
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Key: -2 signifies drop in 2 rating
raise in 1 rating level; 2 signifies

-1

%

1
3
2
10
3
15
4
9
4
8
3
8
2
2
5
21
4
10
1

0.8
1.26
1.6
4.20
2.4
6.30
3.2
3.78
3.2
3.36
2.4
3.36
1.6
0.84
4
8.82
3.2
4.20
0.8

%

0

1

%

2

2
1.6
41
17.23
8
3.36
1
14.4
2
1.6
18
55
23.11
15
6.30
12
1
0.8
1
15
18.91
16
6.72
45
3.2
11
8.8
4
41
17.23
18
7.56
3
4
1
12
9.6
5
6.30
44
18.49
15
2.4
4
3.2
3
5.04
4
2
12
1.68
2.4
2
1
3
1.6
9.24
4.20
3
22
10
6.4
1
12.8
8
16
3
31
13.03
19
7.98
11
8.8
5
4
1
21
8.82
15
6.30
5
1
0.8
1
1
0.8
2
0.84
2
3.36
8
31
93
55
18
7
17
29
122
21
18
320
56
86
15
levels; -1 signifies drop in 1 rating level; 0 signifies no
raise in 2 rating levels.

%

0.8
0.8

1.26
0.8

0.84
0.8
1.26
0.8
1.26
0.8
2.10
0.8
0.84
4
3

missing
122
186
102
158
105
162
104
165
103
168
115
211
114
197
91
162
98
181
121
222

change; 1 signifies

A more in-depth study of the performance ratings followed. Table 2-4 shows the
counts of students and the change in their performance on each O&M skill between wave
1 and wave 3. The five possible options for any individual were to drop two categories (2; from very well to not very well), drop one category (-1), remain the same (0), increase
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one category (+1), or increase two categories (+2). The highest percentages for both
groups of students (those that got O&M training and those that did not) are those that
stayed the same from wave 1 to wave 3, followed by students whose ratings increased by
one level and then by those whose ratings decreased by one level. The numbers whose
ratings either decreased or increased two levels were about the same, and at similar rates
for both the students with no O&M and the O&M participants (including those who
received O&M at anytime during the study). This distribution reveals, essentially, similar
rates of change in ratings between the two groups.
Because top performers would have less room for change, the top performers for
both groups were removed from the dataset. This left in the dataset only those students
who were capable of demonstrating improvement in performance from wave 1 to wave 3.
Figure 2-1 shows the numbers for students who did and did not participate in O&M
during waves 1 and 3 with performance ratings for each of the 10 activities that were
either 1 or 2, leaving room for improvement. Those receiving O&M outnumbered those
who were not receiving O&M by more than two times.
For students who did not receive any O&M instruction, it was possible to detect
the number of students who received the highest 2 rankings during wave 3. Figure 2-2
shows the number of students who began with a rank of 1 or 2 ("not very well" or "pretty
well"). The shaded section of each bar shows the students who completed wave 3 with
scores in the 2 or 3 categories ("pretty well" or "very well"). The clear part of the bar
denotes the students who stayed the same or received lower ratings. Up to 100% of the
students increased their performance on at least two activity levels. These data show that

Student Counts of Those with Performance
Ratings with Room for Improvement
50
45
40
35
Total at levels 1 & 2 at W a v e 1
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igure 2-1. Student Counts of Those with Performance Ratings with Room for
Improvement.
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igure 2-2. Student Wave 3 Performance Ratings on O&M Activities for Those with
Room for Improvement During Wave 1.
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students who are participating in O&M activities are demonstrating improved
performance within each skill area.

Discussion

A national picture of elementary age students who received O&M instruction
between 1999 and 2004 is documented. The study showed that, for the most part,
children across most of the identified demographic variables received O&M at equitable
rates. In a time when there are chronic shortages of O&M instructors, it is surprising that
no significant differences could be found by age, grade, gender, income, and number of
disabilities. The study provided odds ratios, showing that students who are blind were
receiving O&M at double the rate of their visually impaired peers. It can be expected that
children who are blind participate in more O&M than their peers because they often
demonstrate a more critical need and may require more compensatory skills to learn to
become safe, efficient, independent, and graceful travelers.
The results showed that less than 50% of students with visual impairment
received O&M instruction. It is clear from this study that a few students may demonstrate
high levels of performance of O&M activities, and therefore, may need only minimal
O&M training. However, there are many more that have room to improve and may
benefit from training if it were provided. Improved access to O&M in rural and suburban
areas continues to be a need. More research may need to be done related to ethnicity, as
indicated by the finding that one wave of data shows that children who are African
American receive O&M at lower rates than their White and Hispanic peers.
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Although the results from this study showed that not receiving O&M instruction
is associated with higher performance of some O&M activities, causality should not be
assumed. Rather, this finding could be a result of a number of factors. It is likely that the
students with visual impairment who demonstrate the highest level of travel skills are not
being recommended for O&M. If that is the case, their good performance does not reveal
anything about O&M training. We already know that most general-education students
develop independent travel skills without the need of specialized training. However,
many individuals with visual impairment struggle to become safe, proficient, and
independent travelers. In those cases, individuals have enhanced their skills through
direct instruction with an O&M specialist. The limit of these findings is they do nothing
to inform us about the performance of those who may require O&M instruction to
enhance their skills.
This study was not able to distinguish between O&M instruction that began
during wave 1 and that which began at wave 3. That may simply be a limitation of this
study. The question of when O&M instruction began was not directly reported and the
study spanned only five years. When Fiehler, Reushcel and Rosier (2009) found O&M
instruction at an earlier age to improve space perception for individuals with congenital
blindness, they were testing adults, and only those who had received O&M and rated
themselves as excellent travelers at the time of the study. Follow up studies could identity
the age at which any O&M instruction began. They also could follow students with visual
impairment throughout their school career. This study also pointed to the need for better
measurement tools. Rather than ratings that may be relative to a child's age and for

which no reliability has been establish, future research should include direct assessment
of a child's actual performance on specific orientation and mobility skills.
Because this study did not show an association between O&M instruction and
performance of O&M skills, that fundamental question is left to be answered in future
research. One approach may be to link the particular units of O&M instruction and
instructional strategies to improved performance of specific skills. That will require
instructional curriculum and intervention practices that are repeatable and assessment
tools that have the specificity and validity necessary to measure performance of specific
skills. If future studies are to include data from assessments such as TAPS, it would be
useful to have the tool standardized in its use. Other tools that assess for individual skills
sets need to be developed, validated, and implemented across the profession. Perhaps
tests used within the fields of physical therapy and occupational therapy will be adapted
with validity measures identified for individuals with blindness and visual impairment.
The development and use of standardized assessment tools is a vital step if the curricula,
intervention, or assessment resources in O&M are to meet the rigorous standards required
by special education law.

Strengths and Limitations

The strengths of this study include the use of data from a large national sample of
students with visual impairment. Also, the longitudinal nature of the study allowed
research questions to look at change over time for individual students. Most importantly,
it contained variables specific to the field of vision. For this study, the data on
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participation in O&M and the O&M activities with performance indicators across five
years of development were found in a national database.
The limitations also relate to the database. The manner in which the variables
were collected made it impossible to differentiate between the students who required
O&M instruction to progress in their skill development, and those who were likely to
progress in a similar fashion without intervention. It included no information about
indicators related to the quantity or quality of O&M instruction received by each
individual. These variables may account for the variance in performance measures but
could not be identified from the variables available in the dataset. The measures of
performance were not taken from an assessment and were imprecise, which may have
made the reporting unreliable. There was also no indication of which units of study were
received during O&M instruction for each student. Thus, no direct correlation could be
made between instruction in any specific area and performance of a particular skill. When
the dataset was merged and limited to include only the students of interest, data for
particular measures often were missing, making the numbers too small to perform the
desired analysis and making questions about longitudinal change almost impossible to
answer.

Conclusion

The study revealed that elementary age children across the country were receiving
O&M instruction at equitable rates across many of the demographic variables. Those who
are blind received it at twice the rate as those with low vision. Students within urban
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areas, as well as those who are African American were receiving O&M instruction at
lower rates than their White and Hispanic peers. Not receiving O&M instruction was
shown to be associated with higher performance of mobility activities, but no causality
should be assumed. Follow up studies may include the use of assessment data to identify
the specific contribution O&M instruction has on performance of functional mobility for
individuals with blindness and low vision. If researchers wish to investigate the efficacy
of O&M services, other research methods may be required that exert more controls than a
national data collection effort can accomplish. That is, understanding the association
between performance of O&M activities and participation in O&M may require a more
directed study of interventions, using standardized assessments and curricula.
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CHAPTER III

FACTORS ASSOCIATED WITH PERFORMANCE ON LITERACY ASSESSMENTS
FOR ELEMENTARY AGE STUDENTS WITH VISUAL IMPAIRMENTS

Abstract

This study investigated factors that may contribute to the development of literacy
for students with visual impairment. The methods involved a secondary data analysis of
the Special Education Elementary Longitudinal Study (SEELS) dataset. Potential
contributing factors included student characteristics, such as age or number of
disabilities, and educational characteristics, such as braille or participation in literature
activities. The outcome measures were scores gathered at three points in time on the Oral
Reading Fluency (ORF) and Reading Comprehension subtests of the Woodcock Johnson
Achievement Tests (Woodcock, McGrew & Mather, 2001). Complete data were
available for 208 students with visual impairment, during the three waves of the study.
Hierarchical linear regressions were conducted using the six variables that were most
highly correlated with the individual assessments at each testing time and met the
requirements of sample size. When analysis used ORF as the outcome variable, the
student characteristics contributed as much as 62% of the variance, and educational
characteristics contributed as much as 5% of the variance in test scores. When analysis
used reading comprehension as the outcome variable, student characteristics contributed
as much as 55% of the variance, and educational characteristics contributed 11% of the
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variance in test scores. Participation in structured literature activities made the largest
positive contribution to scores on both reading assessments.
The development of literacy is a primary goal for all elementary age students. The
National Reading Panel (NRP), based on a systematic review of the literature, devised a
list of five key components of effective reading instruction: phonemic awareness,
phonics, fluency, vocabulary, and comprehension of text (National Reading Panel, 2000).
Within the field of teaching students with visual impairment, the Alphabetic Braille and
Contracted (ABC) Braille study (Wall Emerson, Holbrook & D'Andrea, 2009; Wall
Emerson, Sitar, Erin, Wormsley, & Herlich, 2009) has provided much-needed empirical
evidence to guide the instruction of reading and writing for students who use braille. It
examined the specific teaching interventions and factors thought to be related to the
development of literacy for elementary age children with visual impairment. The primary
findings suggest a need for teachers to direct their instructional focus toward the
development of basic reading skills (Wall Emerson, Holbrook, & D'Andrea, 2009).
The current study included elementary age children with visual impairment,
whose data were contained in the Special Education Elementary Longitudinal Study
(SEELS) dataset. The current study used secondary data from SEELS to examine factors
that were identified by Wall Emerson et al. (2009) in the ABC Braille Study to be
associated with the development of literacy. Those factors included: a focus on decoding,
reading connected text, and introduction of braille contractions early in a student's
reading process, as well as the monitoring of reading fluency. One goal of the current
study was to see if similar factors would be associated with similar outcome measures
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when a nationally representative sample was used. The current research also investigated
factors found to be associated with literacy development for sighted children to determine
if they contributed similarly to success for students with visual impairments.

Background

Developmental reading theory suggests that the development of literacy is
determined by the interaction of biological, cognitive, psychological, and environmental
factors (Catts & Kamhi, 2005, p. 22). Six stages of reading development were described
by Chall (1983) in her classical theory of reading development. Chall's stages began with
a prereading period beginning at birth. It consists of concept development and progresses
until a child enters school and receives formal reading instruction. The second stage
involves association of letters and sounds to make words. Fluency develops as readers
learn to recognize whole words in context. Chall's last three stages emphasized learning
to read as a means to acquire new information or comprehend meaning. It has been
suggested by Steinman, LeJune, and Kimbrough (2006) that Chall's model of reading
development for sighted readers might be applied to braille readers in a similar manner.
Using the developmental reading theory framework has led researchers to consider
factors related to individual students, their families, school environment, and school
interventions, as possible contributors to the development of literacy for an individual
student.
For students with vision, student characteristics have been shown to predict some
of the variance in student achievement test scores (Hintze, Callahan, Matthews, &
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Williams, 2002; Hixson & McGlinchey, 2004; Kranzler, Miller, & Jordan, 1999). Lunch
status (i.e., free or reduced-price lunch as a proxy for family income), race, and oral
reading fluency each made significant contributions to reading comprehension
assessment scores when Hixson and McGlinchey (2004) conducted multiple linear
regressions on data from 442 fourth grade students. Kranzler et al. (1999) also used
multiple regression and found race and gender were associated with test scores for 326
students on reading comprehension assessments. Hintze et al. (2002) conducted a
stepwise multiple regression analysis on data from 136 students to examine the
relationship between oral reading fluency, age, ethnicity, and reading comprehension
scores. These authors found that age and oral reading fluency predicted reading scores at
a level that reached statistical significance. Studies have examined a variety of student
characteristics including: attendance, chronically low achievement, residing in low
income families living in poor neighborhoods, limited proficiency in spoken English, and
speaking in an English dialect. When a review of the literature was conducted by
Scarborough (1998), the review showed factors contributing significantly to literacy
achievement to be student's skills upon entry to school in the areas of acquired
proficiency in language, phonological awareness, reading readiness, and letter
identification.
For students who are blind, one report from the ABC Braille study (Wall
Emerson, Sitar, Erin, Wormsley, & Herlich, 2009) documented some differences in
external educational variables for elementary age braille readers associated with high and
low achievement. The high achievers received consistent, organized plans of reading
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instruction, had full-time paraprofessionals, demonstrated more reciprocal and ongoing
interactions with peers, were introduced to more braille contractions early in the reading
process, and reached their highest mean reading level at grade 2-3 (M = 2.63). The
lowest braille readers demonstrated below grade level phonemic awareness, received
reading instruction with smaller class sizes (12.83 vs. 16), had more time with a teacher
of the visually impaired, received more weekly braille instruction, and had a greater
variety of braille materials and equipment available to them. After second grade, the
development of literacy for most of the students, in both the high and low achieving
groups, did not keep pace with that of their sighted peers.
Many elementary age students with visual impairments read using print or large
print as their primary reading medium, but other sensory systems may be used as well.
Gompel, van Bon, and Schreider (2004) found that children with low vision
comprehended texts at least as well as their sighted peers. When students with visual
impairments received prescribed optical devices and were trained in their use, they were
able to increase their reading speed and comprehension rates (Corn et. al., 2002). In
addition to reading print and braille, students with visual impairments read using the
auditory medium, listening to a reader or books on tape, and increasingly, using
synthesized speech on computers or electronic devices. Hensil and Whittaker (2000)
found that adults using synthesized speech read at least as quickly as their sighted peers
who read visually. The development of literacy for an individual with vision loss may
include: visually reading print either with or without an optical device, listening, and/or
using braille. The literature review did not reveal any research studies that have
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connected training in functional skills or participation in O&M with improved literacy
skills.
The SEELS was developed to provide a picture of the educational experiences of
students who participate in special education. In addition to the main analysis, data were
collected and have been distributed to encourage research using the secondary data from
students from low incidence populations, including blindness and low vision that have,
until now, been difficult to gather. A finding from the original SEELS analysis (Godard
et al., 2007) showed an association between a small set of functional cognitive skills and
improved academic outcomes in reading and math for elementary age students. The
functional skills included: reading common signs, telling time using a clock with hands,
counting change, looking up telephone numbers, and using the phone. If the successful
completion of these functional cognitive skills is associated with academic improvements
for sighted students, perhaps they are also associated for students with visual impairment.
Because students with visual impairment were excluded from responding to the questions
within the functional skills set as a part of the SEELS data collection, a direct analysis
could not be performed.
Students who are blind and visually impaired may receive Orientation and
Mobility (O&M) training as part of their educational programs. Orientation and Mobility
curriculum for elementary age students may include: direct instruction in the
development of concepts, independent travel, skills necessary for orienting oneself and
route planning, as well as specific training in how to solicit assistance both over the
phone and in person. Within the SEELS dataset, it is possible to identify those students
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with visual impairment who participated in O&M and are likely to have experience with
and instruction completing the functional cognitive tasks. This study proposed analysis to
determine if participation in O&M contributes to improved academic outcomes in
reading.
A connection between participation in orientation and mobility (O&M) and
improved academic outcomes has been suggested by experts (House & Davison, 2000),
but the association and the size of the contribution has not yet been tested empirically. In
the area of language development for students with visual impairment, House and
Davidson stated that O&M instructors "are in a prime position to provide the direct
sensory experience about many concepts that can effect meaningful positive changes in
the understanding and subsequent language development of children with visual
impairment" (p. 151). Enhanced knowledge and understanding of the world can be a
benefit of participation in O&M. The specific measure of reading comprehension requires
students to understand and apply conceptual knowledge. Students who have increased
conceptual, linguistic, and conversational abilities may demonstrate increased outcomes
on standardized tests. Oral reading fluency also can be affected by the size of a student's
vocabulary with known words more easily read. Students who have participated in O&M
may have rich, real world experiences that may facilitate the development of language
and literacy.
The purpose of this study was to identify factors that may contribute to improved
literacy for students with visual impairment, by analyzing factors known to influence the
development of literacy for their sighted peers. The researcher also considered factors
43

identified in the (ABC) Braille study, as associated with literacy, to see if they were
found to be associated when a larger, nationally representative sample was used. It also
extended the traditional scope of inquiry to include participation in O&M as a factor that
may contribute to the development of literacy for students with vision loss. The current
study included elementary age children whose data were contained in the SEELS dataset.

Methods

Study Design

This quantitative study was conducted using secondary data analysis techniques.
Variables were drawn from the SEELS, which provided a large national dataset. This was
a descriptive study designed to identify factors associated with the development of
literacy among a large number and wide range of elementary age children with special
education needs. Because the original study included children with visual impairment, the
data provided an opportunity to analyze data for low incidence populations. The current
investigation was designed to answer the research question: What are the factors related
to the development of literacy for elementary age students with visual impairment? The
use of the secondary dataset received approval from the Human Subjects Institutional
Review Board at Western Michigan University.

Participants

Participants were 850 elementary-age visually impaired students whose data were
contained in the SEELS dataset (for a complete description see chapter two of this
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dissertation). Inclusion criteria were that students must be identified as having visual
impairment as a primary disability and must have participated in the Oral Reading
Fluency and Reading Comprehension portions of the direct assessments.

Data Sources and Measures

Data from the SEELS include: parent interviews, direct or alternative
assessments, school program surveys, school characteristics surveys, and teacher surveys
(for a complete description see chapter two). For this study, participation in O&M in the
past 12 months and the demographic variables of age, gender, grade, ethnicity, income,
and urbanicity were taken from the cross index section and the parent survey. Variables
related to educational instruction were found in a survey completed by the student's
language arts teacher. Achievement test scores were taken from the direct assessment
dataset. For measures of reading performance, this study used scores on the oral reading
fluency and reading comprehension subtests of the Woodcock Johnson Achievement Test
III research edition (Woodcock, McGrew & Mather, 2001). For students with visual
impairments or blindness, the tests were administered with accommodations in large
print, braille (unstandardized versions), or on tape in accordance with the individual
student's identified needs.
Oral reading fluency (ORF) and reading comprehension were chosen as outcome
measures for this study because of their close relationship to the adequate yearly progress
measures that school districts are federally mandated to report for all students as a part of
NCLBA (2001). They have also been identified by NRP as two of the five key
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components to developing literacy. The oral reading fluency subtest measures the number
of words read correctly in a specified time frame. No points are granted for expression or
dramatic interpretation, only speed and accuracy. Students scoring well on the reading
comprehension subtest were said to have well-developed linguistic and cognitive skills,
as well as the ability to notice and use textual information. The demographic variables
that are treated as student characteristics for this study were taken from the parent survey
and the cross index sections of SEELS and include: visual impairment as a primary
disability, vision category (blind, deaf blind or visually impaired), number of disabilities,
age, gender, grade, ethnicity, income, and urbanicity (urban, suburban or rural).
Information on participation in O&M during the past 12 months also was taken from the
parent survey. The remainder of the independent variables were related to the nature of
language arts instruction for each student. They were gleaned from variables contained
within the school program and teacher surveys and are entered into the regression models
as educational characteristics including: student has an IEP, levels of support (0-9),
language arts teacher's estimate of reading ability, English language proficiency,
involvement of parent in school, teacher credentials, training of teacher, special education
teacher certified in vision, participation in literature activities, scale of child persistence,
participation in reading activities, participation in skill building, types of adapted
materials, amount of instruction, and one-on-one instructional assistance. The dependent
variables were the standard scores from the ORF and passage comprehension subtests of
the Woodcock Johnson III, which were found in the direct assessment portion of the
SEELS dataset. The dataset was merged to include only students with visual impairment
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who participated in the assessments from all three testing times. This led to a sample of
that ranged from 117-211 depending on which variables were entered into the regression
model.

Data Analysis

Cross-tabulations were run on the demographic variables, and correlations
between variables of interest were identified. Preliminary analyses were conducted to
ensure no violation of the assumptions of normality, linearity, multicollinearity or
homoscedasticity. Hierarchical linear regression models were built by choosing from
factors that were thought to contribute to the development of literacy for sighted and
visually impaired elementary age students. Factors that contributed the most, those that
may provide important insight, and those that preserved sample size were retained in the
final model. The final models were limited to six variables because power analysis
suggested that, the accuracy of the model in SPSS could not be assured beyond that
number (Field, 2009).

Results

Descriptive statistics were completed to describe the characteristics of the
students who participated in the literacy testing (see Table 3-1). Cross tabulations were
performed on wave 1 data because they contained the smallest number of students. If any
critical deficiencies or skewed distributions were in the data, they were most likely to be
evident in the dataset with the smallest overall numbers. The students were
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Table 3-1
Demographics for Students Who Participated in Literacy Testing
N
Age
10-12 years
13-14 years
15-17 years
Gender
Male
Female
Grade
Ungraded
lst-5th
6th-8th
9th-12th

% participated in ORF Wave 1 Test

n = 220
84
103
33

31.6
51.7
16.7

135
85

59.7
40.3

4
55
90
70

1.3
15.9
46.3
36.4

148
37
23
11

64.7
18.1
11.6
5.6

65
64
79

32.2
28.2
39.5

7
103
107

3.1
48.6
48.2

25
0
209

10.6
0

n = 220

n = 219

Ethnicity
n = 219
White
African American
Hispanic
Other
Income
n = 208
$25,000 and under
$25,001-$50,000
Over $50,000
Urbanicity
n = 217
Rural
Suburban
Urban
Vision
n = 215
Blind
Deaf Blind
Visually Impaired

approximately 60% male and White with 48% from urban or suburban areas and nearly
40% living with families with incomes over $50,000 per year. Within the sample of
students with visual loss, 10% were blind and over 90% were identified as visually
impaired. The numbers and percentages varied only slightly for students who participated
in waves 2 and 3 of the direct assessments.
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Hierarchical linear regressions were performed using a set of student
characteristics (number of disabilities, minutes in special education, and estimate of
reading ability) in the first step and a set of educational characteristics (participation in
literature activities, scale of child persistence, and use of computer software) in the
second step to differentially predict the scores on ORF and reading comprehension tests.
These variables were selected for their high correlations to both ORF and reading
comprehension scores across all three waves of testing. Vision-specific variables of
interest, such as the availability of teaching assistants and the use of braille or optical
aids, were highly correlated but were not used by enough students to retain numbers large
enough to be included in the final regression model. Participation in O&M was not found
to be statistically correlated with either test score, so it was not included in the final
model. The student characteristics were entered first, and then the school characteristics
were entered in each regression. Lists of predictor variables in Table 3-2 are organized in
this way.
When factors were found to be correlated in preliminary analyses at r = .8 or
above, only the factor that was most highly correlated was included. Cooks and Df Beta
were checked to verify that no outliers were included in the final analysis. Individual
factors were also selected based on their ability to maintain a sample size large enough to
discover a moderate effect. According to Field (2009, p. 221), a high level of power is
maintained with a sample size of 100 if it is used to discover a moderate effect when
including up to six variables in a regression model.
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Table 3-2
Hierarchical Linear Regression Analysis Predicting Oral Reading Fluency and Reading
Comprehension Scores Over Three Waves of Testing
Predictor
Step 1
# of Disabilities
Minutes in Spec Ed
Estimate of Reading Ability
Step 2
# of Disabilities
Minutes in Spec Ed
Estimate of Reading Ability
Part in Literature
Child Persistence
Software
Total R2
n

Oral Reading Fluency
Reading Comprehension
2
95% CI
95%
CI
AR
3
3
Wave 1 Testing
.55*
,62 ++
-.23* -5.37--1.63
-,12 ++
-8.25--.il
-.23*
-.01 - .00
-.02 - -.01
-.21*
.53*
4.60 - 7.27
.71*
14.23 - 19.82

AR2

-.10
-.18**
.67*
.17**
-.03
-.08

-7.25 - .79
-.02 - .00
13.29- 19.13
1.22-7.34
-2.84-1.86
-20.23 - 4.64

-.21* -5.02--1.25
-.22*
-.01 - .00
3.98-6.81
.48*
.88-3.74
.20**
.04
-1.51 - .81
-3.48 - 8.32
.05

-.11
-,19 ++
.50*

,58 ++
140
Wave 2 Testing
.35*
-10.63 - 1.49
-.03 - .00
8.30- 16.06

-.10
-.32*
.33*

-4.89- 1.08
-.02 - -.01
1.88-5.50

-.10
-.13
.48*
.12
.01
-.14

-10.26-1.83
-.03 - .00
7.73 - 15.84
-.89 - 7.98
-2.99-3.34
-33.04 - .24

-.13
-.26*
.24**
.36*
-.06
.00

-5.31 - .24
-.02 - -.01
.87 - 4.47
2.88-6.57
-2.04 - .84
-8.20 - 7.69

-.07
-.08
.57*

.46*
133
Wave 3 Testing
.47*
-10.85-2.56
-.02 - .00
7.87- 12.10

-.10
-.20*
.52*

-4.76 - .34
-.01 - .00
2.86 - 4.54

-.09
-.18**
.48*
.10
.00
.05

-4.51 - .77
-.01 - .00
2.56-4.35
-21.-2.65
-.93 - .95
-7.32-2.51

.65*
117

Step 1
# of Disabilities
Minutes in Spec Ed
Estimate of Reading Ability

.43*

Step 2
# of Disabilities
Minutes in Spec Ed
Estimate of Reading Ability
Part in Literature
Child Persistence
Software
Total R2
n

.03

Step 1
# of Disabilities
Minutes in Spec Ed
Estimate of Reading Ability

.03 ++

.03*

.11*

.46
123
.41*

.01
.05*
Step 2
-9.21
-4.14
-.05
# of Disabilities
-.01 - .01
-.03
Minutes in Spec Ed
6.71 - 11.15
.51*
Estimate of Reading Ability
-.73 - 6.20
.09
Part in Literature
-.54-4.17
.09
Child Persistence
-35.84 --10.73
-.19*
Software
.48
.46*
Total R2
206
211
n
Note: CI's are for unstandardized betas, * p<.001, ** p<.005, + p<.01, ++ p<.05.

Oral Reading Fluency

For wave 1, student characteristic variables (number of disabilities, minutes in
special education, and an estimate of reading ability) accounted for 62% of the variance
in ORF scores and educational variables (participation in literature activities, child
persistence, and use of software ) accounted for 3% more of the contribution (overall
model: R2 = .65, F(6,l 10) = 33.16, p<.001). For wave 2, student characteristic variables
(see above) accounted for 43% of the variance in ORF scores and educational variables
(see above) accounted for 3% more of the contribution. The overall model predicted ORF
scores at a statistically significant level, R 2 = .46, F(6,116) = 16.70, p<.001 in wave 2. In
wave 3, 41% of the variance in ORF scores was contributed by student characteristics
(see above), and an additional 5% of the variance was added by the educational
characteristics (see above). The overall model predicted ORF scores with R = .46,
F(6,204) = 28.70, p< .001 in wave 3.

Passage Comprehension

Student characteristics variables (number of disabilities, minutes in special
education, and teacher's estimate of reading ability) accounted for 55% of the variance in
reading comprehension, and two educational characteristics (participation in literature
activities and child persistence) added 3% to the variance in reading comprehension test
scores. The overall model, including the same group of predictors, predicted reading
comprehension scores at a statistically significant level, R = .58, F(6,133) = 30.86,
p<.001, in wave 1. In wave 2, student characteristics (see above) accounted for 35% of
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the variance, and educational characteristics (see above) contributed 11% to the variance
in reading comprehension scores. The overall model for wave 2, including the same
• •

•

•

•

2

group of predictors, statistically predicted reading comprehension scores with an R = .46,
F(6,126) = 17.93, p<.001. Student characteristic (see above) variables accounted for 47%
of the variance, and educational characteristics (see above) added 1% to the reading
comprehension scores in wave 3. The overall model revealed statistically significant
contribution to the variance in reading comprehension scores with an
R = .48, F(6,199) =
30.00, p<.001 in wave 3.
Contributions for specific factors and their statistical significance can be seen in
Table 3-2. The language arts teacher estimate of reading ability was the most consistent
positive predictor of both ORF and reading comprehension scores. Across the waves, the
estimate of reading ability revealed statistically significant levels of contribution, ranging
from a beta = .24 to beta = .67. The child's participation in structured literature activities
contributed to both ORF and reading comprehension for the first two waves of testing
with statistically significant contributions from beta = .17 to beta = .48. The number of
minutes a child spent in a special education setting was found to be associated with lower
test scores in both ORF in wave 1 and reading comprehension across the three waves of
data. The use of software was found to be associated with lower test scores in ORF
during wave 3 only. Child persistence was never found to be statistically significant, and
number of minutes in special education was included in waves 2 and 3 but made a
significant contribution during wave 2 for reading comprehension only.
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In the previous analysis, a uniform set of predictors was chosen based on potential
predictors being correlated to both tests (reading comprehension and ORF) across all
three waves of testing. In order to identify the individual contribution of more specific
factors at each of the three testing times and for each test, more focused regression
models were constructed. The factors were selected for their high correlation to each
specific assessment measure during each wave of SEELS data, while retaining the
desired sample size. This process was used in order to identify factors that may have
contributed more for one test but not the other, and ones that may have contributed more
for younger or older students. A complete list of factors included in the focused
regressions can be found in Table 3-3.
Hierarchical linear regression analyses were performed using a more focused set
of student characteristics (see Table 3-3 to identify specific factors included in each
regression) in the first step and a more focused set of educational characteristics (see
Table 3-3) in the second step to differentially predict the level of scores on ORF and
reading comprehension tests. Each of the regressions revealed statistically significant
contributions by both groups of characteristics with the exception of reading
comprehension in wave 3, when all factors were entered into the model (see Table 3-3).
The language arts teacher's estimate of reading ability again contributed most
consistently to the predictability of the model for both tests and across all three waves of
testing at the highest levels, with a range of betas from beta = .23 to beta = .68. As in the
overall analysis, participation in literature activities contributed positively to the variance
in scores at statistically significant levels towards both tests, during wave 1 testing when
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Table 3-3
Predictors of Oral Reading Fluency and Reading Comprehension
Oral Reading Fluency
Predictor

AR"

Step 1
Estimate of Reading Ability
# of Disabilities

.61*

Step 2
Estimate of Reading Ability
# Disabilities
Participation in Literature
Child Persistence
Reader/Interpreter
Software
Training w/Spec Needs
Total R
n

.04

95% CI

P
.73*
.16 +
.68
-.09
.15 ++
-.01
-.07
-,12 ++

.47*

Step 2
Estimate of Reading Ability
# Disabilities
# Minutes in Spec Ed
Blindness
Participation in Literature
Disability/Specific Cert
Training to Teach Spec Ed
Reading Activities
Total
n

.05"

.41*

Step 2
Estimate of Reading Ability
# Disabilities
# Minutes in Spec Ed
Participation in Literature
Child Persistence
Software
Co-Teaching
Total R 2
n

.05*

P
.55**
-.33

95% CI

4.49 - 7.03
-6.38 - -2.98

3.30-6.03
.44**
-.22
-4.83--1.28
.39-3.25
.16 ++
.02
- . 9 8 - 1.31
-.19** -21.13 --4.26

13.09-18.59
-6.47 - .97
.68 - 6.77
-2.38-2.12
-31.73-7.70
-24.25 - -.60

-.06

-4.77- 1.62

.33*
-.09
-.31*

1.81-5.26
-4.73 - 1.12
-.02--.01

.23"
-.13
-.23**

.75--4.18
-5.31 - .10
-.02 - .00

.24

-.02-6.11

-,14 ++
.11

-8.98 - -.02
-.74 - 2.20

,22 ++
-.11
-,20 ++

.11 -2.51
-6.45 - 1.80
-.02 - .00

.15
.07
-.16
-.01
.13

-.39-2.16
-5.71 - 2 . 8 3
-.01 - .00
-2.98 - 2.23
-.51 - 1.97

-.18

-13.22 - .84

.57*
146

.50*
-.16**
.20 ++
-,19 +

Wave 2 Testing
.35
8.40-15.61
-12.52--.72
-.03 - .00
-45.89 - -8.05

.46*
-.13
-.12
-,13 ++
.10
-.22**

7.58 - 14.62
-11.09-.38
-.03 - .00
-.7.70--.10
-1.20-6.95
-53.23 --12.49

.12*

.47*
138

.51"
128

Step 1
Estimate of Reading Ability
# Disabilities
# Minutes in Spec Ed

AR"

Wave 1 Testing
.51
14.54-19.79
-8.54--1.39

.65"
129

Step 1
Estimate of Reading Ability
# Disabilities
# Minutes in Spec Ed
Blindness

Reading Comprehension

.57*
-.07
-.08

Wave 3 Testing
.14
7.87-12.10
-10.85-2.56
-.02 - .00
.04

.51*
-.05
-.03
.09
.09
-.19*

6.71 - 11.15
-9.21 -4.14
-.01 - .01
-.73 - 6.20
-.54-4.17
-35.84 --10.73
.18
103

.46*
211

Note: CI's are for unstandardized betas, * p<.001, ** p<.005, + p<.01, ++ p<.05.
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a majority of the children were young (in 5th grade and below). New significant
predictors that contributed negatively to the variance in ORF scores included: blindness
(in wave 2), the use of computer software (in waves 1 and 3), and a teacher who held a
disability specific certification (in wave 2). Additional significant predictors that
contributed negatively to the variance in reading comprehension scores included: the
number of disabilities per student (wave 1), use of a reader/interpreter (wave 1), number
of minutes a student is in special education (wave 2), and a teaching assistant who has
training to work with students in special education (wave 2). In the more focused
regressions, the participation in literature activities was the only educational
characteristic that contributed in a positive way to reading assessment scores for
elementary age students.

Discussion

Participation in structured literature activities and the language arts teachers'
estimate of reading ability contributed up to 50% of the variance in test scores for
elementary students with visual impairment. When the single group of variables was
analyzed, the number of minutes in special education was associated significantly with
lower scores in both ORF and reading comprehension during three waves of data. If
students with greater educational needs (i.e., lower abilities) were scheduled for
increasing minutes in special education, that could account for the lower scores by these
students. The use of computer software also was associated with lower scores in ORF
during wave 3. It is likely that the additional tasks of using technology along with reading
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fluency skills, accounted for slower reading, and therefore, lower ORF scores. It is
important to note that when individual factors were entered into the regression model
sample sizes dropped in each wave to levels close to 100 which was not large enough to
complete the planned multi-level regressions over time. As a result, no causality can be
established from this study. These data allow for only associations to be reported.
The focused regressions also identified the language arts teacher's estimate of
reading ability as the factor with the greatest contribution to the variance in ORF and
reading comprehension scores. These findings suggest that language arts teachers are able
to accurately estimate the reading ability of their students. It suggests that trust can be
placed in their estimates. If teachers use the information to inform choice of materials and
instructional interventions to meet the specific developmental needs of each student, that
can be a great benefit. When students receive instruction and materials that match their
specific needs, the ideal educational environment is in place.
In a similar pattern to the ABC Braille study, many of the interventions and
services that are advocated when working with students with visual impairment either
were not shown to contribute to a variance or contributed to a variance were associated
with lower scores. For instance, students who received more minutes of support from a
special education aide with training to work with students with special needs and support
from a teacher who holds a disability specific certification were associated with lower
scores on at least one of the literacy tests. The question of whether special education
personnel have sufficient training in the development of literacy could be explored. One
explanation for these findings may be that the students with the most significant needs

have been provided support from the most highly trained staff These results are similar
to the ABC Braille findings where students with lower levels of reading achievement
received more services from teachers of the visually impaired.
For elementary age students, the use of computer software predicted lower ORF
scores, but it has also been a critical link for students with blindness and visual
impairment to gain access to educational materials that allow them to benefit from
educational opportunities that are available to their peers. Lower ORF scores at early
grades should not delay the introduction of technology for students with visual
impairment. Participation in O&M was not found to be correlated with either literacy
score and was not included in the regression models. This study did not find an
association between O&M and literacy.
Based on the results of the ABC Braille study, experts are suggesting that a focus
on decoding, reading connected text, and introduction of braille contractions early in a
student's reading process along with monitoring of reading fluency are the best ways to
support the development of literacy for elementary age students with visual impairment
(Wall Emerson, Holbrook & D'Andrea, 2009). The current study found that participation
in structured literature activities was the educational intervention that contributed most to
a positive variance in scores. That suggests that providing students the opportunity to
have experiences with literature across all the elementary school years is perhaps the
most important thing teachers and families can do to support the development of literacy
for children with visual impairment. These findings also show that teachers can estimate
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their student's abilities accurately and that opportunities to read improve the development
of literacy.

Strengths and Limitations

The SEELS dataset provides longitudinal data for a nationally representative
sample of children who are blind and visually impaired. It contains an entire
questionnaire with specific variables related to literacy. The study included vision
specific variables that relate to the specific needs of children with blindness and low
vision.
The limitations for this study also relate to the dataset and the specific variables.
While many vision specific variables had data the numbers were very low for most of the
things such as braille and assistive technology, so even though they were correlated with
literacy scores they were not included in the final regression models due to the sample
size requirements.

Conclusion

The results of this study are consistent with those for students receiving regular
education and those in the ABC Braille study. Participation in structured literature
activities were shown to be associated with a positive variance in reading assessment
scores. There remains a need for future research to consider the vision specific factors
and the methods of instruction that may best support the development of literacy for
elementary age students with visual impairment.
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CHAPTER II

FACTORS ASSOCIATED WITH THE PERFORMANCE ON MATH ASSESSMENTS
FOR ELEMENTARY AGE STUDENTS WITH VISUAL IMPAIRMENTS

Abstract

This study investigated factors that contribute to higher standardized math test
scores for students who have visual impairment. The methods involved a secondary data
analysis of the Special Education Elementary Longitudinal Study (SEELS) dataset.
Potential contributing factors included student characteristics and educational
characteristics. The outcome measures were scores gathered at three points in time on the
math calculation subtest of the Woodcock Johnson Achievement Tests (Woodcock,
McGrew & Mather, 2001). Data were available for 226 students with visual impairment
during the three waves of the study. Hierarchical linear regressions were conducted using
the six variables that were most highly correlated with math calculation assessment
scores and met the requirements of sample size. Student characteristics (such as grade,
income and number of disabilities) contributed as much as 20% to the variance in test
scores. Educational characteristics (such as grade level in math or reading, and test
accommodations) provided up to an additional 39% to the variance. Current grade level
in math and reading made the largest positive contributions, whereas the number of
minutes of special education was associated with lower test scores. Grade, income, and
age were student characteristics that contributed at significant levels.
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"A thorough grounding in mathematics enhances educational and occupational
opportunities for all people, whether sighted or visually impaired. In day to day routines,
a practical understanding of mathematics allows a person to function more successfully
and independently" (Kapperman, Heinze, & Sticken, 2000, p. 371). With these words,
Kapperman et al. emphasized the role of math in the lives of individuals with visual
impairment. To prepare students for success, the National Council of Teachers of
Mathematics (NCTM, 2000) identified key components of an effective elementary math
curriculum. They reported that best practices within an elementary math class today
encourage the development of conceptual understanding, computational fluency, and
problem-solving skills. The current study was designed to identify factors associated with
the development of math skills for elementary students with visual impairment.

Review of the Literature

Educators are actively seeking ways to teach math to help all students to reach
their highest potential. In this review, factors related to outcomes on math assessments
were examined with special emphasis given to studies involving students with visual
impairment. Factors in general education that are thought to support the development of
math skills are varied. Byrnes (2003) found that socioeconomic status, exposure to
learning opportunities, and motivation contributed up to 45% of variance in the math test
score in a study of 12th graders. In that study, ethnicity contributed less than 5% to the
score. Instructional methods, such as the use of a multiple intelligence model (Douglas,
Burton & Reese-Durham, 2008), the use of reflective assessment (Evans, 2008), and the
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introduction of algebra by 8th grade (Masini & Taylor, 2000) have also been found to
yield promising results. While studying the construct validity of curriculum based math
assessments, Thurber, Shinn and Smolkowski (2002) found reading ability to be highly
correlated with both computation and application constructs. They found that students
who scored well in reading also tended to score well in math, and conversely, those who
scored poorly in reading tended to score poorly in math.
For students with disabilities to keep pace with their peers, they must have access
to the curriculum and materials that include all the concepts and opportunities that are
available to their peers. Those materials, instructional interventions and assessments,
must be provided in a format that is accessible to them. For students with a visual
impairment, that may include direct instruction to develop an understanding of concepts,
large print, braille in Nemeth code for math, graphic displays, manipulatives, and
representations that they can access and understand.
A systematic analysis of research in mathematics for students with visual
impairment was conducted by the National Center for Low Incidence Disabilities in
2005-2006. Their review of the literature identified only ten studies with findings that
could be reported as providing a base of evidence in research for this population. Among
these, Belcastro (1993), Champion (1976), and Hatlen (1977) found that concrete
mathematic aids can increase computation accuracy. Champion (1976) also found that
comprehension of mathematic concepts can increase with the use of a talking calculator.
The use of the abacus demonstrated higher test scores for students in a study by Nolan
and Morris (1964). When Kapperman (1974) compared three methods, he found the
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abacus to be fast and somewhat accurate; mental computation was fast and inaccurate;
and braille computation was slow. The review identified a variety of inadequacies in the
research studies, including the lack of replication for any of the studies. There is an
urgent need for additional research identifying the factors associated with the
development of math skills for children with visual impairment.
For students with visual impairment, research by Landau et al. (2003) found that
current standard accommodations for testing do not provide adequate access to graphs or
diagram elements on math test items. They tested a Talking Tactile Tablet (TTT) and
found that students who were blind or had low vision were able to access test items in
detail, work independently at their own pace, and have the device repeat the information
as often as was necessary. The same device shows promise as an assessment-for-learning
system to improve the ability of students to learn by providing interactive audio-tactile
graphics and speech output (Hansen, Shute & Landau, 2010).
Smith (2006) suggested that participation in Orientation and Mobility (O&M) can
develop mathematical concepts. He connected math skills in the areas of basic skills,
consumer math, measurement, and geometry with concepts, knowledge, and skills that
are learned through O&M and independent travel. Experts believe connections can be
made between the O&M concepts and the skills related to numbering or address systems,
time management, map reading skills, and specific objectives within any math curriculum
(Wall Emerson & Corn, 2006). In addition, O&M specialists provide opportunities for
real world application of problem solving and logic which are experiences that support
the development of many skills used in math (Smith, 2006). With the added instruction

and experience students receive during participation in O&M, improved outcomes on
math assessments may be expected.
The No Child Left Behind Act (2001) created a mandate for universal
accountability which has been met by schools tracking adequate yearly progress on
standardized achievement tests. Schools are specifically required to report academic
outcomes for all students in math and reading each year. There are a wide variety of
assessment tools available to measure academic outcomes. Achievement tests are the
most commonly used source for these reports. They can be defined as examinations that
measure educationally relevant skills or knowledge in specific subjects such as
mathematics (Sattler, 2002). Many factors have been studied to determine their
relationship to improved outcomes in math for students with vision, and some small
studies have been conducted for children with visual impairments. Experts in vision have
suggested that participation in O&M may lead to improved math scores, but the assertion
has not been studied. The breadth of the literature suggests the need for a general analysis
of factors that may contribute to outcomes in math for children with vision loss.
The dataset available from the Special Education Elementary Longitudinal Study
(SEELS) created a unique opportunity in the field of vision to examine data for a large,
nationally representative sample of children with visual impairment. The purpose of the
current study was to provide empirical evidence for the specific factors that may be
associated with performance of math skills as demonstrated by scores on math
achievement tests for elementary age students with visual impairment.
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Methods

Study Design

This quantitative study was conducted using secondary data analysis of variables
from the SEELS dataset. It was designed to identify factors that contribute to the
development of math skills for students with visual impairment starting in the elementary
years. The researcher received approval to conduct the analysis from the Human Subjects
Institutional Review Board at Western Michigan University.

Participants

The study involved visually impaired students in the U.S. who participated in the
SEELS, which gathered data for a nationally representative sample of elementary and
middle school students with disabilities. The sampling was taken from 245 local
education authorities and 35 state supported special schools from 1999 through 2004. It
was described as including children 6 to 12 years old during the first year of the study
(Godard et al., 2007). Sampling methods ensured that the cases included were
representative of the U.S. special education population and age cohort. Disability
categories were over sampled in this design, allowing these data to be weighted, which
allowed the user to make generalizations nationally. The sample included 1,110 students
with visual impairment. The participants for this study included only the students from
the SEELS with a visual impairment who participated in the math calculation subtest of
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the direct assessments. The sample included between 104 and 217 students depending on
the variables included in the regression model.

Data Sources and Measures

The SEELS contains data from parent interviews, direct or alternative
assessments, school program surveys, school characteristics surveys, and teacher surveys.
For the current study, participation in O&M in the past 12 months, the use of a braille
writer, braille note taker, and optical devices were taken from the parent survey.
Achievement test scores, the use of special lighting, calculator, and student motivation
were taken from the direct assessment instruments. Hours in special education setting,
hours of vision services, hours with a paraprofessional, braille/large print test, and grade
levels for reading and math were obtained through the school program surveys, which
were completed by administrators who were responsible for overseeing special education
programs.
Direct assessment scores used in this study were those from the math calculation
subtests of the Woodcock Johnson Achievement Test III (Woodcock, McGrew & Mather,
2001). Math calculation was chosen for this study because of its close relationship to the
adequate yearly progress measures that school districts are federally mandated to report
for all students as a part of the NCLBA (2002). While completing the subtest, students
demonstrate computation skills from simple addition to advanced problems involving
integrating a function. For students with visual impairment or blindness, the tests were
administered with accommodations in accordance with the individual student's identified
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needs. The braille version of the Woodcock Johnson III was not standardized at the time
of the test administration, so test formats may have varied for braille users.
The demographic variables were taken from the parent survey and the cross index
sections of SEELS. Variables of interest that were identified as student characteristics
included visual impairment as a primary disability, number of multiple disabilities, age,
gender, grade, income, ethnicity, and urbanicity (urban, suburban or rural). The measure
for participation in O&M during the past 12 months was taken from the parent survey.
Additional demographic characteristics were included because they have been shown to
predict student achievement test scores. Factors identified as educational characteristics
for inclusion in the correlations were: student motivation, abacus, braille, special lighting,
large print, calculator (test accommodation), braille note taker, optical devices, braille
writer, total hours a week in special education setting, minutes per week with a one-onone paraprofessional, minutes per week of vision services, and student grade levels in
reading and math. This information was taken from the school program survey. The
dependent variables were standardized test scores for math calculation subtest on an
individual achievement test; they were recorded as standard scores (the top and bottom
1% of scores removed) by school personnel.

Data Analysis

Cross-tabulations were run using the demographic variables and math calculation
scores from the first wave of data. Correlations between variables of interest were
identified. Preliminary analyses were conducted to ensure no violation of the assumptions
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of normality, linearity, multicollinearity, or homoscedasiticity. Hierarchical linear
regression models were built. The models were built by choosing from factors that were
thought to contribute to the development of math skills for elementary age students with
visual impairments. Factors that contributed the most, preserved the sample size, and
provided important insight were retained in the final model. The dataset was merged and
reduced to contain only variables of interest. After the models were complete, the
regression analyses were conducted.

Results

Demographic analyses were conducted to describe the characteristics of the
students who participated in the math calculation assessments (see Table 4-1). Wave 1
data were used because it contained the smallest sample. The sample was made up of
more than 80% of students who were identified as visually impaired. More than 60%
were male and White. The largest group of students (more than 40%) was in sixth
through eighth grade, and the sample was evenly distributed across family income. There
was little to no representation from those identified as deaf-blind, students in ungraded
settings, and those who live in rural areas.
Variables for the regression models were selected by examining the correlations
between the factors of interest and scores on the math calculation tests for each of the
three waves of data. Variables that were correlated at statistically significant levels (p = <
.05) can be found in Table 4-2. Variables were included in the regression model, starting
with the highest level of correlation and progressing downward, including only variables
69

Table 4-1
Demographics for Students Who Participated in Math Calculation Testing

Age
7-9 years
13-14 years
15-17 years
Gender
Male
Female
Grade
Ungraded
lst-5th
6th-8th
9th-12th

N

% participated in Wave 1 Test

83
107
36

37.2
47.3
15.9

143
83

63.3
36.7

5
51
99
71

0
23.0
43.8
31.4

163
43
26
11

67.1
17.7
10.7
4.5

75
69
82

33.2
30.5
36.3

7
106
113

3.1
46.9
50.0

44
1
234

15.8
0
83.9

n = 226

n = 226

n = 226

Ethnicity
n = 243
White
African American
Hispanic
Other
Income
n = 226
$25,000 and under
$25,001-$50,000
Over $50,000
Urbanicity
n = 226
Rural
Suburban
Urban
Vision
n = 279
Blind
Deaf Blind
Visually Impaired

that retained a large enough sample to include six variables. The variables of grade level
in reading and grade level in math were so closely correlated with one another (above r =
.8) it was decided that only the one with the highest correlation would be included.
Hierarchical linear regressions were conducted using the six variables that were
most highly correlated with the math calculation test scores and met the requirements of
sample size. Student characteristics, including age, gender, income, grade, ethnicity, and
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Table 4-2
Correlations with Statistical Significance Between Variables and Math Calculation
Scores

Variables

Wave 1

Wave 2

Wave 3

r

r

r

Age

.179

Gender

.171

Income

.190

.105
.109
.105

Grade
Number of Disabilities

-.305

.413

-.365
-.114

Ethnicity

-.612

Min/Week in Spec Ed

-.491

-.648

Min/Week vision services

.232

.149

Grade Level in Reading

.358

.525

Grade Level in Math

.407

.503

.598

Min/Week w/an Aid

-.400

-.449

Test Accom. Braille/L print

.162

.531

Note: CI's are for unstandardized betas, * p<.05, grade level in reading and grade level in math are
correlated at levels greater than r = .8 in all waves.

number of disabilities, were entered into step one. Educational characteristics, including
minutes per week in special education, minutes per week of vision services, grade level in
reading, grade level in math, minutes per week with a teaching assistant, and standard test
accommodations of braille or large print were entered in step two of the regression to
evaluate their contribution to variance in math calculation scores. Vision-specific
variables, which included braille or time with a teaching assistant, did not retain enough
students in the sample to be included in the final models.
In wave 1, student characteristics accounted for 16% of the variance, and
educational characteristics accounted for another 32% of the contribution. The overall
model predicted math calculation scores at a statistically significant level, R = .48, F (7,
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96) = 12.44, p<001, in wave 1. Wave 2 student characteristics contributed 20% of the
variance and the educational characteristics added 36% to the variance in test scores. The
model as a whole predicted math scores at a statistically significant level, R =.56, F
(6,125) = 26.39, p< .001. In wave 3, student characteristics contributed 16% of the
variance in math calculation and an additional 39% of variance was added by the
educational characteristics. The overall model statistically predicted math calculation
scores, R2 = .54, F (6,210) = 41.18, p< .001. Contributions from specific factors and their
statistical significance can be seen in Table 4-3.
Preliminary analyses were conducted to ensure that no violations of assumptions
for regressions were violated. The sample size of 100 was selected to ensure a high level
of power to discover a moderate effect when entering six variables in the regression
(Field, 2009). Cooks and Df Beta were used to verify that results included no outliers.
All of the vision specific variables were either excluded from the models using
the selection criteria or found to have no statistically significant contribution using the
current dataset. Therefore, the researcher returned to the original dataset and merged the
data in attempt to include additional students with visual impairment. Since the original
plan to run a single regression across all three waves of data was not possible due to
sample size limitations from missing data, there was no longer a need to exclude
individuals who did not take the math assessment in all three waves. The SEELS dataset,
therefore, was merged to include all students with visual impairment who participated in
the math calculation assessment in any of the 3 waves. This resulted in an additional 150
subjects included. Correlations were run that included the variables of interest. The
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Table 4-3
Hierarchical Linear Regression Analysis Predicting Math Calculation Scores
Over Three Waves of Testing
Predictor

95% CI

AR
Wave 1 Testing

Step 1
Gender
Income
Age 3
# of Disabilities
Step 2
Gender
Income
Age 3
# of Disabilities
Minutes in Special Ed
Grade Level Math
Vision Services
Total R 2

.16

Step 1
Income
Grade
# of Disabilities
Step 2
Income
Grade
# of Disabilities
Minutes in Special Ed
Vision Services
Grade Level Reading
Total R 2

.20*

Step 1
Gender
# of Disabilities
Age 3
Ethnicity
Step 2
Gender
# of Disabilities
Age 3
Ethnicity
Minutes in Special Ed
Grade Level Math
Total R 2

.16*

.08

,21++
-.12

-.24 ++

-3.88 - 10.22
.57 - 8.43
-7.93 - 1.94
-6.08--.71

.32*
.06

.13
-.24 ++
-04
-.40*
.37*
.11

-.360 - 7.05
-.43 - 5.97
-11.18 - -.92
-2.78- 1.80

-.01 --.01
1.86-6.18
-1.44-9.28

.48
104
Wave 2 Testing
.29*
-.26*

-.29*

3.39-11.75
-4.60--1.12
-7.99 - -2.40

.36*
.18**

-.24**
-.10

1.52-7.97
-4.31 --.99
-3.96 - .46

-.31*

-.02--.01

.08

-1.96-8.86
2.91-6.71

.41*
.56
132
Wave 3 Testing
-.03
-.40*
-.04
-.06

-6.86-4.45
-10.11 --5.24
-1.90-1.00
-4.32- 1.40

.39
.07
-.09
-.15*
-.03
-.33*
.49*

.54*
217
Note: CI's are for unstandardized betas,* p<.001, ** p<.005, + p<.01, ++ p<.05.
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-7.30- 1.10
-3.82- .19
-2.96 - -.47
-2.87-1.37

-.01 --.01
2.97 - 4.93

results were the same for waves 1 and 3 but in wave 2, O&M (r = .12) and motivation (r
= -.10) were also shown to be correlated at statistically significant levels. When these
factors were included in the regression model, their individual contributions were not
large enough to be discovered by the regression model. There were no new factors
identified as contributing to math calculation scores in the additional regressions.
The student's grade level in math was the highest positive contributor with beta =
.49 and beta = .37. Grade level in reading made the next highest contribution, beta = .41.
The number of minutes the student spends in special education was found to be
associated with lower test scores across each wave of math tests with a range of beta =
-.31 to beta = -.40. Grade, income and age were the student characteristics that were
shown to contribute in a negative way to the variance in math test scores at significant
levels (see Table 4-3 for specific level of contribution).

Discussion

Implications

The purpose of this study was to analyze nationally representative data from
elementary age students with visual impairments and find factors that were associated
with math assessment scores. Within the dataset, the group of factors related to math was
limited. Some interesting potential factors related to children with visual impairment
included the use of an abacus, assistive technology, calculators, time in special education,
time with a vision teacher, and whether or not the child received O&M. After the data
were merged, factors identified, and regression analysis completed, the only factors
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shown to contribute in a positive way to an increase in math scores were grade level in
math, grade level in reading and income. The study did show that the number of minutes
a student spends in special education was negatively correlated with test scores. It could
be that the students with the greatest needs are receiving the highest levels of special
education could be expected to have lower test scores. Due to the limitations of sample
size this study was restricted to analysis that looked at each wave of testing individually
so no causality can be inferred.
It was not possible to evaluate the vision-specific interventions related to the
development of math because of the limitations in sample size; however, the findings for
students with visual impairment are consistent with the previous findings for their sighted
peers. In the current study, grade level in reading and math were correlated at levels
greater than r = .8. Students from homes with higher incomes scored higher on math tests
during only one wave of testing. Thurber, Shinn, and Smolkowski (2002) found reading
ability to be highly correlated in their math assessment studies with sighted students. This
supports the conclusion that math scores for students with visual impairment are
associated with math and reading ability and income just as they are for their sighted
peers.

Limitations

An important limitation of this study was the lack of information collected from
the teachers directly responsible for the instruction and assessment of math. This made it
impossible to investigate whether educational intervention, including curriculum content
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and instructional process, contributed most to the development of math skills. In previous
research, factors such as student characteristics, school and program design, and the
application of technology have all been shown to contribute to the development of skills
for some individuals. This is where the use of secondary data most limited this study.
Although the numbers appeared to be large enough to examine the vision specific factors,
when one of those factors was added to the participation in math testing, the numbers
dropped, sometimes to the single digits. In the end, the only vision specific factor that
retained numbers high enough to be included in the regression model was the receipt of
vision services.

Conclusion

This study suggests that math scores for students with visual impairment are
influenced by math and reading ability and income just as they are for sighted students,
and that individual and family factors are associated with the variance. It will take further
study with a more targeted sample to study the vision specific factors and their possible
relationship to the development of math skills. Studies should be designed to consider
whether factors, including introduction to Nemeth Code, the use of manipulatives, talking
calculators, abacus, and assistive technology for students with visual impairment
contribute to improved scores on math assessments.
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CHAPTER II

CONCLUSION

The purpose of chapter five is to review the central purpose and discuss the
overall findings of this dissertation. Sections include a summation of the study findings,
interpretation, implication, strengths and limitations, and recommendations for future
research.

Central Purpose

The purpose of this dissertation was to discover if evidence could be found,
through analysis of the SEELS data, of an association between orientation and mobility
(O&M), as well as other vision-specific educational factors and the development of
functional and/or academic outcomes for elementary age students with visual
impairment. Not participating in O&M was shown to be positively associated with the
performance of mobility activities. Receiving orientation and mobility services also was
not associated with higher literacy or math scores. Correlations between O&M and
performance on math tests were identified, but the association was not large enough to
demonstrate a contribution in the final regression. Vision-specific interventions were not
the strongest predictors of student performance in literacy or math. Participation in
structured literature activities and the language arts teacher's estimate of reading ability
offered positive contributions to both oral reading fluency (ORF) and reading
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comprehension scores. Grade level in math and reading were associated with higher math
scores. The number of minutes in special education was associated with lower scores in
both reading and math, but simplistic explanations should not be assumed. Students with
greater needs are likely to receive more specialized education services. Examination of
the SEELS data offered a unique opportunity to include vision specific factors in the
analysis, considering functional and academic performance for children with visual
impairment.

Orientation and Mobility Study Summary

In the first study, focusing on O&M, students with visual impairment and
blindness who did not participate in O&M classes during the previous 12 months, showed
improvement in the demonstration of a variety of O&M activities as reported by school
personnel. Higher ratings for mobility skills, including the travel of new routes to familiar
indoor places, execution of routes within known and other buildings, given verbal
directions, and locating unfamiliar places with the use of a numbering system, were all
statistically associated with no O&M. It is likely that the students who have poor mobility
skills are the ones who are receiving O&M instruction. These findings tell us nothing
about the students who needed and participated in O&M. An analysis of the variance in
ratings of those who participated in O&M and those who did not reveal essentially
equitable performance between the two groups, with the exception of students who lived
in rural areas and students who were African American. When looking at the students
who could improve, data showed that the majority of students participating in O&M are
80

demonstrating improved performance within every skill area. No significant difference
was found in the timing of when O&M was received for these students.

Literacy Study Summary

The SEELS dataset contained an entire interview devoted to the development of
language arts and literacy. The breadth of this teacher interview allowed for more of an
in-depth study than was possible for other subjects. Within this study, factors that were
highly correlated with reading test scores for ORF and reading comprehension were
included in a regression analysis. Hierarchical linear regressions were conducted to reveal
the unique contribution of each factor on ORF and reading comprehension scores.
Participation in structured literature activities and the language arts teacher's estimate of
reading ability were both found to contribute to higher scores in both ORF and reading
comprehension and for students across all age groups. Oral reading fluency scores were
found to be lower for students who used computer software and had teachers who held
disability specific certifications. Factors associated with lower scores on reading
comprehension tests included the use of a reader or interpreter, work with a special
education teaching assistant, greater number of minutes in special education, and greater
number of disabilities. Vision-specific factors, including O&M, were used by a limited
number of students who participated in the reading assessments, and thus, they were not
retained in the final regression models, so no conclusions could be drawn about their use.
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Math Study Summary

Math calculation assessments were given to students using standard
accommodations including braille, large print, and the use of assistive technology.
However, when the data were merged and analysis began, the number of students who
participated in the testing and used a specific device or accommodation became so small
that no vision-specific factors could be considered within the regression models.
Significant contributions to higher scores on math calculation tests were provided by the
student's grade level in math and reading. Greater amounts of time in special education
contributed to lower scores. The student characteristics found to predict scores included
grade, income, and age.

Interpretation

Research has long been conducted in the field of O&M. There have been
excellent studies and important work done to provide optimal equipment, environmental
adaptations, and improved traffic safety for individuals with visual impairment. The more
basic question of whether participation in O&M training leads to improved travel
outcomes for individuals with visual impairments has received little attention (Virgili &
Rubin, 2009). This could be a result of the low incidence of blindness and low vision and
the difficulty in obtaining data from large numbers of individuals. The findings from the
first study in this dissertation were not able to answer that question by showing an
association between participation in O&M and improved outcomes for elementary age
children. Much attention has been paid in the field of special education to inclusion of
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functional skills in the expanded core curriculum for students who demonstrate deficits in
specific areas. After this study, a lack of evidence from research to support the
professional opinion that O&M supports the development of functional travel skills for
children who are blind and visually impaired remains.
Children who are blind and visually impaired present a challenge within the
traditional educational model for teaching reading and math. They may need large print
or braille to access material in print. They may not fully benefit from traditional teaching
techniques of writing on the board or showing graphs or pictures to represent a concept or
illustrate a problem. But even when the environment has been made accessible, tools to
access materials have been provided, and their use mastered, the differences in concept
development continues to present a challenge for students with visual impairment and
their teachers. Whether it is reading about a canyon or trying to describe volume in math
class, the quality of learning is dependent on the unique experiences of the student. Our
classrooms have developed in a manner that takes into account the differences children
with sight bring to the task. Pictures, movies, and teaching aids have been designed to aid
and support their learning. More direct instruction and real life experiences may be
necessary for the student with a visual impairment to gain the same knowledge and
understanding.
The measures of reading that are commonly assessed for elementary age students
are oral reading fluency and reading comprehension. In an effort to build reading fluency,
teachers commonly use repeated readings and interval sprinting (Kostewicz & Kubina,
2010). To improve comprehension, these interventions have been recommended by
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research, giving background and connecting to students' prior knowledge, providing a
strong vocabulary program, time for reading and writing, time for students to talk about
reading and teacher directed instruction and modeling of reading/thinking strategies
(Mariotti, 2010). For students who are blind and visually impaired, it can be difficult to
provide background and experiences to ensure that they meet the reading task with the
prior knowledge necessary to fully benefit from instruction when it is provided.
Experts in the field of vision take seriously the importance of braille in the
development of literacy for students who are blind. Many individuals with visual
impairment use braille to read, write, do math, and read music. The ABC Braille study
(Wall Emerson, Holbrook and D'Andrea, 2009) had, at the center of its purpose, to
understand the method of teaching braille that lead to the best reading for elementary age
children with visual impairment. In the end, the researchers came away suggesting that it
may be best to focus on the development of basic reading skills if the goal is to contribute
to literacy development. Within the current study, participation in structured reading
activities contributed to higher scores in reading. These results parallel and support the
findings from the ABC Braille study that suggest that the students who participated in
organized reading activities were better readers.
When math instruction was analyzed in 12 elementary school classrooms, Jackson
and Neel (2006) found that within the special education setting the emphasis was on rote
learning and the application of procedures. While within the regular education
classrooms, there were more opportunities for complex and authentic problem solving.
The regular education setting demonstrated practices that are more in line with the
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National Council of Teachers of Mathematics Standards. The findings of the current
study did not look at the process of instruction. IDEA, 2004 holds schools responsible for
assuring that students with disabilities have access to the general curriculum. In the
current study of the factors associated with the math calculation, scores for students with
visual impairment showed a positive contribution with reading and math grade level and
a negative contribution with an increase in the number of disabilities. Participation in
O&M training was found to be correlated with higher math scores during one wave of
testing. For this study, no information was gathered about the units of study that were
included in the instruction or which skills were assessed.

Implications

Children who have visual impairments have educational needs in both functional
and academic areas. This series of studies looked specifically at the expanded core
curricular area of O&M and its potential to improve O&M skills and impact reading and
math skills. The O&M study revealed an association between not participating in O&M
and improved outcomes, but this should not be interpreted as if not participating in O&M
is preferable. It is likely that those students who require O&M training to demonstrate
improved mobility are participating in O&M and that is the reason their scores were
lower. Further investigation of the data revealed that those who were participating in
O&M showed improvement in their performance of mobility activities at rates that were
similar to those who did not receive O&M. In the area of reading, no correlation and no
contribution could be identified. In the area of math, a correlation was identified, but the
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strength of the correlation was weak. For each student, the educational plan involves
deciding what areas of instruction should be included to meet their unique educational
needs. The current study suggests that instruction in the Expanded Core Curriculum
(ECC) area of O&M may improve O&M performance. To enhance reading, instruction in
the core content area of reading should include structured participation in literature
activities. As with reading, instruction in the core content area may be necessary to
improve performance on math assessments. The study did not find an association
between participation in O&M and improved performance in literacy or math assessment.
The primary implication from this study is that functional and academic outcomes for
students with visual impairment are related to educational programs that provide
instruction in both the expanded core and core curriculum areas.
If students with visual impairment require educational programs that include
instruction in both the ECC and core content areas, additional learning time will be
necessary. Students who are blind or have low vision may need time to develop
compensatory skills and adaptive technology skill that will allow them to access
educational materials. All this takes time. It may require adding time to the school year to
get all the instruction in or choosing which educational opportunities the child will not
participate in. Perhaps additional years of instruction could be considered at each level of
school (preschool, elementary, middle school and high school).
This research was able to illuminate associations between factors related to the
development of functional and academic performance for children with visual
impairment. However these associations can only be viewed as highlighting a path for
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future research. It is important that these findings not be linked to causality. The
assumption of causality can only be made when a controlled intervention study is
completed or when longitudinal trends have been identified. These findings are not
diminished by this fact. They do provide new and important information that links
specific factors with higher math and reading scores.

Strengths and Limitations

The strength of this study was the use of the SEELS dataset, which offered a large
national dataset that included over 1,000 children with visual impairment. It asked
questions that are specific to vision related aspects of students and their educational
programs. It was effective when only two variables were entered in the analysis and a
simple correlation was obtained.
As with many things, the dataset was also a weakness in the project. As the
studies progressed and regression models were being constructed, the numbers fell
quickly. When one factor was used in conjunction with one of the vision-specific
variables, sample sizes became too small to allow for enough power to do the planned
analysis. The falling numbers prevented analysis using the longitudinal nature of
predictors. And lastly, the individual factors often lacked the specificity that would be
desired to answer specific research questions as fully as might have been liked.
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Recommendations for Future Research

The SEELS dataset lends itself to a correlational study of a narrow scope that is
used to point in the direction of target research. It may well be a great repository to guide
future research. Some areas of future inquiry may include questions about family and
school involvement for students with visual impairment, recreational and social
opportunities, assessments in the other core curricular areas and information related to the
rest of the ECC. Further relationships could be explored, looking at the use of abacus,
talking calculators, and assistive technology in math. It may be interesting to explore the
data for demographic information about who receives instruction in the other expanded
core curriculum areas.
This may be the first in a long line of studies that examines the relationship
between O&M instruction and performance in skills related to O&M. This study could be
replicated using data from older students and with adults in the National Longitudinal
Transition Study dataset. Future study should progress to identify the unique
contributions units of study and instructional practices have on outcomes, including
employment and independent living.
Participation in O&M may not contribute directly to the development of literacy
for students with visual impairment, but other things most certainly do. A more focused
study of the types of literature activities that promote literacy and exploration as to the
teaching techniques and learning environments that contribute in positive ways could be
discovered. Analysis of the varied technologies available to assist student's to access
content and assessments in the area of math may provide useful evidence. Perhaps the
88

teacher's level of confidence and competence with the content and use of technology
could be explored. The primary implication from this study is that functional and
academic outcomes for students with visual impairment are related to educational
programs that provide instruction in both the expanded core and core curriculum areas.
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